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Abstract
Many tasks in daily life require transcribing information accurately from one
medium to the other. However, humans make errors frequently. While most
of the errors in daily life are little more than an inconvenience in safety-
critical domains, such as healthcare, a small error like typing the wrong
number when programming a medical device can have grave consequences.
Despite potentially fatal consequences of errors, little is known about the
errors people make using medical devices, such as infusion pumps, and how
the devices themselves influence the errors made. This thesis reports ten
studies looking at different interface design features in the context of medical
devices and their potential influence on reducing errors.
The first three studies empirically evaluated particular design features pro-
posed by previous work. These studies did not produce the predicted error
reduction although there was a recurrent low rate of errors in all the stud-
ies. Therefore such claims made in earlier work could not be supported.
The studies however showed that it is hard to see the impact of particular
features due to the nature of the research area and due to the robustness of
the evaluated interface. Additionally, interesting insights into how people
use such interfaces to enter numbers need to be taken into account.
Inspired by results from cognitive psychology, which suggest that repre-
senting information in a poorer quality format increases the likelihood of
memorising the information more accurately, a further set of seven experi-
ments are presented in this work evaluating the effect of such an approach on
number transcription tasks. Results showed that people made significantly
fewer errors when transcribing less visible numbers as well as text. Fur-
thermore, the studies also confirmed that the source displaying the number
and not the entry display is responsible for this counter-intuitive approach
to reduce errors. This aligns with previous work in human-computer inter-
action and psychology. Moreover, the robustness of the discovered effect
was investigated once levels of audio distractions were present. Even in a
distracting environment the effect led to a significant decrease in errors.
The potential impact of this work could be a valuable contribution for do-
mains where accuracy is of great importance.
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Chapter 1
Introduction
“To kill an error is as good a service as, and sometimes even better than, the
establishing of a new truth or fact.”
Charles Darwin
1.1 Background
People commit errors in many situations in daily life. Errors are unavoidable and can
occur during everyday activities or during the most complicated tasks. While in some
cases errors are not of much concern, errors in safety-critical systems, such as aircraft,
nuclear power plants or hospitals can have catastrophic results. Errors can occur in
several forms such as slips, lapses, violations or mistakes (Reason, 1990). Previous
research has shown that human errors are the source for more than 50% of incidents in
most domains, and in aviation the percentage was even higher (90%) (Zhang, Shortliffe,
Patel, Freed, & Remington, 2000) a number which has not changed much in recent years
(Thimbleby & Cairns, 2010). Unfortunately, we often only pay great attention to errors
when human life is threatened, when disaster is imminent or after serious incidents. As a
result of all the accidents and near misses (many of which were reported by the media
and the research community), many safety precautions, mechanisms and procedures
have been established to prevent future adverse effects. Some examples for such safety
precautions are standards such as the NASA Human System Standard, which addresses
human factors in space flight (NASA, 2011). Another example is the NHS Saving
Lives in Surgery Guide, which implements surgical safety check-lists to prevent harmful
events to patients during treatment (NHS, 2009). In aviation, it is known that pilots
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are committing errors every day and some of the errors are even critical (FAA, 2013).
Their intense training, known as crew resource management (CRM), and continuously
updated procedures are part of the reasons that they are able to address these issues
in time so that subsequent disaster can be avoided. Such actions, to ameliorate errors,
evolved from the fact that aviation safety is a well established field where human factors
are the centre of attention (Dekker, 2006). Some cases go back as far as World War II,
where Fitts and Jones (1947) evaluated cockpit features. They found, for example, that
pilots confused flap and gear handles on multiple occasions as both handles looked and
felt the same. In modern days, many items regarding safety, such as check-lists, have
been adopted in other domains including healthcare (NHS, 2009; Gawande, 2011). But
what about the mundane errors? What about the small tasks such as entering numbers
into digital devices? What about the seemingly simple tasks that apparently require no
intense training? People still make errors despite their training and those errors which
are not intended are still committed. An interesting question is what can be done to
make, for example, number-entry safer? In safety-critical domains such as aviation
and healthcare a wrong number can lead to severe consequences for peoples’ health e.g.
when medical staff have to program drug infusion pumps. Mistyping a single digit while
transcribing the volume to be infused (VTBI) from the drug prescription can quickly
turn a routine task into a serious situation. Research surrounding the body of human
error has grown substantially over the last decades (Norman, 1980, 1983; Reason, 1990;
Hollnagel & Amalberti, 2001; Reason, 2008) but the field around number-entry errors
specifically focused on healthcare systems has only developed in recent years. In order
to address these gaps in research, we need to build a better understanding of human
errors and their causes as well as empirically evaluate factors such as design elements
for interfaces which could help reduce errors.
1.2 Motivation
Healthcare is a domain where a small error can often quickly lead to fatal consequences,
as many published cases show (Vicente, Kada-Bekhaled, Hillel, Cassano, & Orser, 2003;
ISMP, 2007). Yet it embodies many mundane tasks such as transcribing information
from one medium to another. For example, when nurses or doctors enter numbers
in infusion pumps, a single incorrect digit can have serious effects on the well-being
2
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of patients (Grissinger, 2011). Despite the potentially fatal consequences of errors,
little is known about the errors people make while using these devices and how the
devices themselves influence the errors made. Previous work has shown that devices do
surprisingly little to help prevent or mitigate errors (Thimbleby & Cairns, 2010). What
is known is that misprogrammed infusion pumps are the second most frequent cause of
medication errors, making it imperative to eliminate as many errors as possible (Smetzer
& Cohen, 2006). Moreover, according to Lesar (2002), there is a gap in strategies to
address these kind of errors. Additionally, work by Obradovich and Woods (1996)
presented that medical devices do suffer from design issues. There is a need to help
reduce errors, and indeed there have been efforts to classify the different errors made
while using number-entry devices (Wiseman, Cairns, & Cox, 2011). Researchers started
to look at specific design features for such device interfaces to evaluate their influence on
errors. For example, Cauchi, Gimblett, Thimbleby, Curzon, and Masci (2012) focused
on a formal mathematical approach to evaluate different design features for number-
entry devices and their effect on errors. They proposed that, analytically, some features
have greater influence on error reduction than others. However, there is a call for
studying the impact of such features on an empirical basis. This thesis addresses this
gap and presents empirical studies on specific design features for healthcare number-
entry interfaces.
1.3 Research Approach
This thesis is heavily motivated by safety-critical domains such as healthcare and avia-
tion. The long-term aim of this research is to make transcription tasks in safety-critical
domains i.e. number-entry in healthcare more reliable. The goal of the thesis is to
better understand how number-entry processes work and how errors might therefore
be mitigated or prevented when interacting with technology.
The research body of number-entry in the context of medical devices is a relatively
recent development in human-computer interaction. Whilst there is a great amount of
previous work in psychology on how people process numbers, studies in this area focus
on how humans perceive numbers and whether they have an area in the brain that
is responsible for number processing (McCloskey, Caramazza, & Basili, 1985). Others
3
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try to understand how people make sense of numbers, such as Dehaene (1997) who
state that people store numbers in three different ways in their mind (verbally, as an
Arabic notation or as a quantity representation). Additionally, researchers looked at
the number length and its influence on memory (Miller, 1956) or simply looked at what
brain areas are stimulated when people process numbers (Goebel & Rushworth, 2004).
In the domain of Human-Computer Interaction (HCI), research has focused amongst
other factors on how the design of number-entry devices can affect errors (Blandford,
2010; Furniss, Blandford, Rajkomar, Vincent, & Mayer, 2011; Vincent & Blandford,
2011). To this end studies have looked at design elements for medical devices such
as interface layout or key arrangements, as well as key sizes and their influence on
reducing errors (Colle & Hiszem, 2004; Lee & Zhai, 2009). Others have investigated
different types of interfaces such as serial, i.e. calculator based compared to chevron
or dial interfaces (Oladimeji, Thimbleby, & Cox, 2013). Chapter Two will describe the
different interfaces in detail. The initial approach for this thesis was to look at design
features for infusion pumps, which might have a significant impact on reducing errors.
This led to the first research question, which was motivated by a view on a specific
set of interface design features proposed by earlier work of Cauchi et al. (2012). To
this end, studies were conducted which look at what are the errors that happen when
people enter numbers. The first research question is:
(RQ1) What design features can be used to ameliorate the effects of human
error in entering numbers into digital healthcare devices?
The studies which address this research question are described in Chapter Three.
Despite the claims by other researchers no significant result in reducing errors could
be detected by the evaluated design features bringing such claims into question. As
none of the studies showed a significant effect in the evaluated design features and, in
light of the limitations of device specific features on reducing errors, a further review
of the literature was conducted. It was at this time, that a theory from psychology
was taken into account for further research. Therefore, it was decided to move away
from a rather technical to a theoretical approach to reduce errors in a medical device
context. The discovered theory describes peoples’ mind as being separated into two
different systems or in other words into two different ways of thinking. Psychologists
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describe them as System 1 & System 2 (Kahneman, 2011). The former system epito-
mises the fast, effortless and automatic thinking whereas the latter describes slow and
effortful thinking. A further and more detailed description of these systems and the
theory surrounding them is given in the literature review (see Chapter Two). Further
inspiration came from results of yet another very interesting experiment by Diemand-
Yauman, Oppenheimer, and Vaughan (2011), which led to the idea that indeed there
could be a way of directly stimulating System 2 when people enter numbers. In their
work Diemand-Yauman et al. (2011) show that people who read information in a less
readable form can memorise this information better than people who read the same
information in plain text. This effect, in line with the theory from Stanovich (1999),
Stanovich and West (2002), Kahneman (2008) and Kahneman (2011), is what is de-
fined in the context of this thesis as the Diemand-Yauman, Oppenheimer and
Vaughan - effect (DOV). A detailed discussion surrounding the DOV effect is given
in the literature review (see Chapter Two). The body of research around the DOV
effect has motivated the following additional three research questions:
(RQ2) Can the DOV be used to ameliorate the effects of human error by
reducing the error-rate in transcription tasks?
(RQ3) How does the DOV work with a view of moving to real-world appli-
cations?
(RQ4) What are the implications of the DOV effect in the context of tran-
scription tasks?
This thesis will present a series of studies investigating the dynamics surrounding the
DOV effect, which has never been done before in an interactive context. Chapter Four
describes studies that discuss core factors surrounding the DOV effect such as how
can the effect be stimulated in transcription tasks. Chapter Five focuses on studies,
which go one step further by looking at the robustness of the DOV effect and how this
effect could behave in a real-world environment related to attention and distraction. A
high-level review of the research questions will be presented at the end of the literature
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review in Chapter Two.
1.4 Methodology
1.4.1 Data Collection Methods
The research was primarily based on a series of quantitative controlled laboratory
studies in order to address the research questions as this thesis aimed to empirically
evaluate interface design features. The collected quantitative data was initially stored
on hard copies and in later experiments in form of text log files or MySQL databases.
The data was then compiled into a Microsoft (MS) Excel sheet and imported into
RStudio for the statistical analysis. RStudio was the primary tool which was used for
all statistical analyses. The complete anonymised data sets for all studies are available
on the following website:
http://www.cs.york.ac.uk/~feynman/thesis.htm.
The research approach that was chosen here was not to establish ecological validity but
to use controlled laboratory studies to see whether it was possible to get clear answers
in principle whether the studied effects were able to be used.
1.4.2 Research Instruments
A number of simulations of interfaces designed after real-world infusion pumps (see
Chapter Three, Chapter Four and Chapter Five) were used as research instruments to
collect the data in the individual studies. Notably, the evaluated interfaces are very
common in multiple domains not just healthcare. The simulations seem to be the op-
timal approach as actual infusion pump devices were not available and as previously
mentioned the aim was not to establish ecological validity but to investigate and to
test the principles surrounding the DOV effect. These interfaces were programmed in
JavaScript, PHP or Objective-C and used a text log or a MySQL database running in
the background to store the data. It can be argued that by creating these simulations
of real-world device interfaces enabled the possibility of a “pure view” i.e. isolating the
number-entry task rather than having other factors such as turn-on the device or steps
to prepare the device for number-entry potentially influencing the results.
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1.4.3 Demographic Questionnaires
Throughout the studies a series of qualitative questions where used to collect demo-
graphic data. These questions were presented on paper and, in later experiments, as an
on-line Google form. The structure of the questions were ‘yes’, ‘no’ or multiple choice
questions (see Figure 1.1 and 1.2). In later experiments a set of five-point likert scale
questions was attached to measure the emotional state of participants (see Figure 1.3).
This set of questions is part of the Positive and Negative Affect Schedule (PANAS)
questionnaire (Watson, Clark, & Tellegen, 1988). The full set of the questionnaires can
be found in the individual appendices.
Figure 1.1: An example of a yes or no question
Figure 1.2: An example of a multiple choice question
Figure 1.3: An example question to measure the emotional state of participants
7
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1.4.4 Pilot Studies
All studies were piloted to ensure that there were no procedural errors or flaws in the
intended experimental design. In some cases the amount of numbers or text that par-
ticipants had to enter in the given time-frame was too short which required modifying
the available time (see Studies One, Two and Four). Other cases revealed some flaws in
the research instruments which had to be corrected. For example, there was an error in
the programming code of the interface simulation provided for the first study. Without
exception, no participant of a pilot study shown in this thesis was allowed to take part
in the following main experiment.
1.4.5 Systematic Errors
One option to discuss and interpret the data in experiments is to evaluate the errors
against their systematicity (Byrne & Bovair, 1997). Systematicity is the error rate or
as Li, Blandford, Cairns, and Young (2008) (p. 319) mentioned: “the ratio of number
of occurrences to the number of opportunities for that error.” The idea of all the exper-
iments is to achieve systematicity. Researchers have different views on systematicity as
for example Li et al. (2008) suggest only to analyse errors which achieved a system-
aticity of at least 5%. However, all the experiments reported in this thesis show a very
low but consistent error rate which therefore suggests that this is the systematicity of
this domain.
1.4.6 Statistical Analysis
This thesis presents experiments that look at error data. Error data does not fit or
follow a normal distribution and is therefore non-parametric. It is empirically founded
that non-parametric error data tends to be strongly positively skewed and more ac-
curately follows an exponential or Poisson distribution. Therefore, the analyses in
this thesis use primarily non-parametric tests (Mann-Whitney, Wilcoxon and Kruskal-
Wallis).
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Some of the experiments (Study Three, Seven, Eight, Nine and Ten) are two-way
designs and therefore an Analysis of Variance (ANOVA) is used in this cases. ANOVA
is the dominant and well understood analysis technique to study interaction. How-
ever, ANOVA is a parametric technique which can be seen as inappropriate for the
observed distributions leading to inaccurate p-values. For this reason all main effects
of an ANOVA are confirmed with a non-parametric version and interaction effects are
confirmed with the non-parametric Aligned Rank Transformation (ART) test (Saw-
ilowsky, 1990). The ART is non-standard and can be complex to interpret therefore it
was decided not to report it as primary test.
1.5 Thesis Scope
Transcription tasks such as when people enter numbers are an essential part when in-
teracting with technology and are also a critical element in domains where accuracy
is of great importance. The scope of this work is primarily motivated around such
number-entry processes in context of the interaction with infusion pump devices. This
thesis is motivated by such devices used in the healthcare domain and did not look at
devices used in other safety-critical domains such as aviation or nuclear power plants.
However, as the work developed it became clear that the findings of the studies
presented here are potentially far more relevant than initially expected. While the ini-
tial motivation and focus lie on number transcription in medical device interfaces, later
studies showed a novel approach which has the potential to reduce transcription errors
in multiple domains or maybe even in any transcription task regardless of a domain.
The caveat is that the studies presented in this thesis are all laboratory experiments
in a controlled environment not actual field studies or hospital trials. Whilst several
promising results of the studies suggest future field studies, it was too early to conduct
them at this stage where the importance of the underlying principles and the dynamics
of the discovered effect to reduce errors was unknown. All studies used simulated medi-
cal device interfaces designed after real-world devices following the primary motivation.
The use of actual devices would be a move towards field studies but is also out of scope
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of this thesis.
It should be mentioned that it is not the purpose of this work to propose a unique
all-in-one design for number-entry interfaces. Additionally, this thesis is also not fo-
cused on challenging traditional design principles but to empirically evaluate both the
design features proposed by previous work and the introduced design features which
lead to a novel approach on reducing errors in number-entry.
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Chapter 2
Literature Review
“Errare humanum est...” (Engl.“To err is human...”)
Cicero, Ist century BC
“...to understand the reasons why humans err is science.”
(Hollnagel, 1993)
The literature review will first direct the attention to the field of human error, the
history surrounding it, different classifications of human error as well as current re-
search in the field. This is followed by a discussion of human error in the context of the
healthcare domain, which will include research limitations of this field and a focus on
number-entry interfaces as well as number-entry errors. Next, current HCI research will
be presented to discuss how domains where accuracy is of great importance can benefit
from research in this field. Afterwards the attention is directed towards transcription
tasks in general, which will elaborate text as well as number transcription related to
this thesis. The review will also present a series of theories from psychology, which
could have valuable applications as well as implications on number transcription tasks
to reduce errors. The discussion of the before mentioned theories will then lead up to
the introduction of the DOV effect. The literature review will conclude with a high
level review of the research questions.
2.1 To Err is Human
Errors are part of human nature and constantly appear in daily tasks. For exam-
ple, whether people accidentally pour orange juice instead of milk in their flakes, put
11
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the wrong coloured clothes in the washing machine or simply make typos. People
make errors in all kinds of situations even in tasks with the lowest level of complex-
ity (Kantowitz & Sorkin, 1983). The on-line repository errordiary1 is a collection of
such everyday errors. Errordiary, which can be contributed to by using the hashtag
#errordiary on Twitter, was created to increase the discussion about human error and
its causes (Wiseman, Cox, Gould, & Furniss, 2012). Some examples of many trivial
errors can be seen in figure 2.1 where people posted cases of errors while making coffee.
Figure 2.1: Errordiary example posts
Although many of the errors are little more than an inconvenience, in safety-critical
domains such as aviation, nuclear systems or healthcare, a small error can have severe
consequences. Human errors were the reason for more than 50% of incidents in most
domains (Zhang et al., 2000) which were even higher in aviation. According to a re-
port by the United States Federal Aviation Administration (FAA) and also mentioned
by Martins, Martins, Soares, and da Silva (2013), an analysis of the flight recorders
1http://www.errordiary.org
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revealed that 70% to 80% of accidents are based on human error or based on a chain of
failures in relation to the human factor (FAA, 2010). A reason why the percentage of
human error in some domains is that high could be a feature of reporting. For example,
aviation has a culture of reporting human error whereas in healthcare people struggle
to report such cases (Section 2.2.1 will elaborate further).
The literature provides us with numerous cases of human error, some resulting in
tragedies (Casey, 1998, 2006; Kostopoulou & Delaney, 2007). One example, where a
small error led to terrible consequences, was a marine tragedy that occurred in Chesa-
peake Bay in 1978. The U.S. Coastguard ship Cuyahoga collided with the freighter
Santa Cruz II. The accident happened on a clear calm night and both ships saw each
other on the radar and visually. What happened next was that the Cuyahoga made
a turn in front of the freighter which resulted in the collision where eleven coastguard
men died. There was no equipment malfunction or other technical failure. The later
investigation showed that it was solely human error. The errors that could be identi-
fied were that the captain of the coastguard ship misinterpreted the configuration of
the running lights of the freighter. He miscalculated its size and heading and at the
moment when he ordered the turn he thought that he would be clear of the other ship.
In addition, the crew did not react although realising what was happening. The crew
thought the captain would have everything under control and knew what he was doing.
As a result the crew did not intervene and so the tragedy started to take its course
(Rothblum, Wheal, Withington, Shappell, & Wiegmann, 2002).
Such incidents are by no means isolated cases. Tragedies where a trivial error lead
to disaster happen frequently. Sometimes the reason for an error can be attributed to a
mistake made by individuals or a group of people. Unfortunately, many times someone
is wrongly blamed as a scapegoat when human error is named as the reason for an
accident. However, there are cases where not the people are required to change but
rather the system or the design of a system has to be altered to avoid further harm.
The following air traffic incident is an example of a case where multiple factors led to
catastrophe and where a better number-entry design feature could have saved 87 lives.
13
2. LITERATURE REVIEW
In 1992, Air Inter Flight 148 crashed into the Vosges Mountains at an altitude of
800 meters while executing their landing manoeuvre at Strasbourg airport. At first the
landing seemed to be an ordinary procedure for the pilots, who did not have substan-
tial experience on the new Airbus A320 at that time. Both the pilot and copilot were
experienced in flying with over 12000 hours flying time between them but the A320
was relatively new at that time and equipped with new digital cockpit devices and
instruments instead of analogue displays. One of these instruments was the autopilot
interface which can be seen in figure 2.2. Air Inter flights were usually business flights
aimed to have a short turnaround rate. This means that the crew aimed to travel as
fast as possible to their designated point of arrival. The crew’s salary was directly
attached to that business model resulting in better wages for faster turnaround rates.
At the start, before the crew even took off from Lyon airport they programmed the
autopilot to land on runway 23 in Strasbourg. However, when Air Inter Flight 148
approached Strasbourg airport, there was a sudden change to their landing approach
due to high winds and poor weather. The captain was hoping to land on runway 23
which had the best navigational fix for the autopilot but then he was suddenly faced
with landing on runway 05 which is exactly the opposite runway. Additionally, runway
05 did not have a precise navigational assistance for the autopilot as the signal was
blocked by the Vosges Mountains on that side. The approach on runway 05 would
result in pilots not receiving any electronic guidance on their altitude and only on their
horizontal position. The flight crew performed landings at Strasbourg many times and
was aware of that issue. This resulted in the crew being faced with a sudden peak in
their workload to adjust their systems as the captain had to calculate the rate of the
decent manually. The recovered cockpit voice recorder revealed a state of emotional
tension of the captain at that moment. He calculated a descent of -3.3 degree. A
descent angle of -3.3 is considered a normal flight angle which would provide a good
approach for landing. Additionally, there was a poor guidance and an improper com-
munication between the controller in the Strasbourg tower who directed the plane to
the “right” but from the pilots perspective the airport was to the “left”. This added
to the pilots confusion and directed the plane closer to the mountains. Directing a
plane to the “left” or to the “right” is considered the wrong terminology. This was an
issue among many others that the investigation discovered. When the pilot entered the
flight path angle of -3.3 he accidentally entered the number -33 in the vertical speed
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setting, which resulted in an abnormally high vertical speed as 33 in this mode is the
abbreviated form of 3300 feet per minute. The captain did not notice that the dis-
play modes where the other way around as both of them were displayed in the same
overlapping display window and controlled by the same knob. The investigation also
discovered that had the crew noticed the interface issue then they could have avoided
the crash. A detailed study revealed that pilots made this mistake several times during
training exercises. Moreover, there was a little known feature in the autopilots design,
which detects if the plane needs to change direction quickly then the autopilot would
register this as an emergency situation and reverse the planes direction at twice the
programmed rate. In the exact moment as the captain programmed the autopilot there
was a turbulence, which caused the plane to ascend slightly and therefore resulted in a
high vertical speed of 6600 feet per minute. The captain was concerned about the high
speed but his attention was refocused by the copilot on the planes horizontal position to
the runway. Shortly after this incident another Air Inter flight had the same issue with
the autopilot and the two overlapping modes but this flight could recover in time as
they were at a higher altitude and did not have a mountain in front of them. Another
issue was that Air Inter Flight 148 did not have a Ground Proximity Warning System
(GPWS) as the airline management did not decide to install such as system due to the
false alarms some planes experienced at that time. This procedure was legal at that
point in time but because of this decision Air Inter Flight 148 lost another safety layer.
A GPWS is a radar system that points to the ground and sets off a visual and audio
alarm in the cockpit in case a plane would fly at a too low altitude (BEA, 1993; FAA,
2014).
Figure 2.2: Original A320 Autopilot design and display modes (source: FAA, 2014)
The investigation concluded that this incident occurred because of many separate
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elements in a chain of unfortunate events and not solely due to a single error commit-
ted by the pilot. Yes, the pilot entered the wrong number but multiple factors of the
system, of which he was part of, made it impossible for him or the copilot to resolve
the situation in time. The lack of training in the A320 and the sudden increase in
workload surely had their weight in this case as well. As a result of this accident more
than 35 changes for the aviation industry were proposed by the investigative bodies
(Johnson & Pritchett, 1995). One of these changes was a new design for the autopilot
interface, which was altered to display a four digit number for the vertical speed setting
(see figure 2.3).
The first example in this section shows an error that can be traced back to the
mistakes of the captain of the coastguard ship and the trust of his crewmen in his abil-
ities to do the right thing. However, the case of Air Inter Flight 148 shows, sometimes
errors occur due to bad design features and due to multiple factors. This is in line with
earlier work by Kohn, Corrigan, and Donaldson (2000) in the healthcare domain. Kohn
et al. (2000) mentioned in their work, by examining the healthcare system at that time,
that the majority of errors was not caused by people acting careless but by erroneous
systems and procedures which lead people to commit errors. This is also one of the
reasons why Errordiary was created: to raise awareness that sometimes system designs
are a key factor in the field of human error (Wiseman et al., 2012). The findings of
this thesis, presented in later sections, are also discussed in relation to the Air Inter
example highlighting its importance.
Figure 2.3: Revised Airbus A320 autopilot interface design (source: FAA, 2014)
Researchers have long been working towards a better understanding of this highly
interdisciplinary research area by identifying causes of human error as well as means
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to prevent them. One of the reasons why research is focused to understand human
error is trying to understand the attribution i.e. what was the cause of the error. The
philosophy of causation is an incredibly deep field. However, the psychology of causa-
tion (identifying the cause of an effect i.e. the variable that causes a change in other
variables) is making good progress towards people understand what is behind an error
(Dekker, 2006). This thesis acknowledges previous work done to understand human
error but specifically focuses on human error in transcription tasks. More explicitly,
the thesis presents a novel approach to ameliorate transcription errors in an interactive
context.
2.1.1 A Brief Historical Review of Human Error
Whilst there are studies on human error going back into the 1940s by Fitts and Jones
(1947), it can be seen that early studies on human error originate from psychology and
aimed on aspects such as human judgement and human performance in decision mak-
ing (Brunswik, 1955; Hammond & Summers, 1972). Later studies focused on errors
in human performance as part of a system (Norman, 1980). In the mid-1970s devel-
opments in cognitive psychology, a series of tragic incidents such as the Three Mile
Island and the Challenger disaster helped to establish human error as an independent
research body (Reason, 1990). Today the field is a highly multidisciplinary research
area which embodies domains such as cognitive psychology, computer science, aviation
and numerous others.
The research community described human error with different views namely, the
old and the new view (Dekker, 2006). For example in the old view of human error it
can be seen as the cause of a mishap. This means that human error is seen as a cause of
incidents. The earlier example of the U.S. Coastguard ship can be seen as an example
for the old view. Whereas in the new view human error can be seen as the symptom
for deeper trouble. In the new view, human error is not seen as the sole cause of an
accident but rather an indicator or a part of a larger system that failed which makes it
necessary to discover the circumstances which led to the adverse effect. The example
of Air Inter Flight 148 would be an example for the new view of human error as so
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many different factors contributed to the plane crashing into the mountains.
The literature provides us with several resources where researchers were even dis-
cussing the nature and meaning of the term human error itself (Hollnagel & Amalberti,
2001). While some researchers argue the term is inappropriate due to its lack of ex-
planatory power by only explaining that humans are involved in an incident (Park,
2003; Henriksen, Dayton, Keyes, Carayon, & Hughes, 2008) others valued the term
as it reflects the impact of human actions and responses to many major incidents as
well as ordinary less disastrous events (Rouse & Rouse, 1983; Reason, 1990). Generally
speaking, there is no solid definition of human error. Rasmussen, O., Mancini, Carnino,
Griffon, and Gagnolet (1981) (p. 313) provided an early attempt:
”Frequently they [human errors] are identified after the fact: If a system performs
less satisfactorily than it normally does - due to a human act or to a disturbance which
could have been counteracted by a reasonable human act - the cause will very likely be
identified as a human error. This is probably because the analyst will not have the infor-
mation - or psychological background - which is necessary to trace through the human
performance in the explanatory causal backtracking process to find a possible causal in-
put.”
To understand the field of human error, researchers started to create taxonomies
and to define the phenomena. Clear definitions can help to better understand as well
as facilitate communication about a topic. However, as with many other aspects in
research a single clear definition is not always possible and this is also the case for
human error. An alternative approach is to classify human error.
2.1.2 Classifications and Models of Human Error
In order to develop a better understanding of human error and to distinguish between
different kinds of errors, over time researchers have developed a number of taxonomies,
classifications and models. Early research in this area was mainly focused on aeronau-
tics and nuclear power systems (Rasmussen et al., 1981). One early classification by
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Swain and Guttman (1983) classifies errors as errors of omission and errors of com-
mission. The first category are errors that occurred simply by omitting a complete
task or a step in a task. The latter category is further divided into four subcategories:
selection errors (caused by selecting the wrong control, making improper connections
or issuing the wrong command), errors of sequence (caused by poor performance of one
or more tasks in a sequence for a correct system performance), time errors (some action
committed too early or too late) and qualitative errors (too little or too much). The
following figure 2.4 illustrates this classification.
Figure 2.4: Error classification according to Swain and Guttman (1983)
Norman (1980, 1981) sees human errors divided into ‘slips’ and ‘mistakes’ and while
mistakes are intentions that are considered inappropriate, slips are regarded as an un-
intentional error. Norman (1980) and others have approached slip errors with an infor-
mation processing view. This means researchers argued that errors mainly occur due
to problems in information processing (Zhang et al., 2000). Rasmussen (1983) also
adapted the information processing view. He introduced three categories of human be-
haviour: skill-based, rule-based and knowledge-based. Additionally, Rasmussen (1983)
further categorises different modes of error, mechanisms and causes. Rouse and Rouse
(1983) presented an early information-based classification, that follows the information
processing view. Such an information processing view should appear during the human
interaction with a system, for example, while humans overview flight control systems
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or medical systems. The human error classification by Rouse and Rouse (1983) can be
related to Norman’s stages of user activities (see figure 2.5): perception of the state
of the world; interpretation of their perception according to their expectations; eval-
uation of their interpretation relative to what was expected; formulation of goals to
achieve what is desired; formation of an intention to act to achieve the goal; specifi-
cation of a sequence of actions and execution of the sequence of actions (Norman, 1990).
Figure 2.5: Error classification: Information Processing Model
One of the most widely accepted classifications was developed by Reason (1990).
The work by Reason (1990), is based on cognitive aspects such as attention and per-
ception and classifies errors according to intended or unintended actions. For example,
lapses and slips are both classified as the result of unintended actions. Slips occur
due to a lack of attention and lapses are caused by memory failure. The crew of Air
Inter Flight 148 suffered from attentional failure which lead to the Captain refocusing
on the planes horizontal position rather its vertical speed. A critical loss of another
safety-layer. Additionally, a mistake for example, is classified as the result of an in-
tended action, which did not succeed in meeting the goal and can happen due to a
lack of knowledge (knowledge-based mistake) or due to wrong rules applied (rule-based
mistakes). This classification is also used in the International Standardisation Or-
20
2.1 To Err is Human
ganisation’s (ISO) standard 62366 for medical devices (see figure 2.6). This standard
presents specific processes for medical device manufacturers to analyse, design, verify
and validate usability in relation to safety issues and uses Reason’s (1990) classification
to classify the different errors that can arise (ISO, 2007). Additionally, Reason (1990)
also distinguishes errors into skill-based, knowledge based and rule-based building on
previous work by (Brunswik, 1955; Hammond & Summers, 1972; Rasmussen, 1983).
Figure 2.6: Classification of ‘use errors’ (source: ISO, 2007)
Reason (1990) also combines many of the earlier notions of human error in his work
and developed the widely accepted Swiss cheese model. The model depicts a system
consisting of a stack of slices of Swiss cheese. The holes in each slice or layer represent
opportunities for a process to fail. Each slice symbolises a defensive layer in the process.
An error can allow a problem to pass through a hole in a layer but in the following
layer the holes are in different places, which results in the problem to be caught by this
defensive layer. If all holes are aligned of the different layers this represents a flawed
system where catastrophic errors can occur.
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Figure 2.7: Swiss cheese model (source: Reason, 1990)
As previously discussed, in many cases human error does not occur as a single fault
but rather than as a result or part of a chain of results that lead to an accident. Accord-
ing to Kohn et al. (2000), errors can happen when many factors come together to allow
them to happen. The above mentioned classifications aim to better understand errors
which can help to make systems safer. However, sometimes even safety mechanisms,
although put in place with good intentions, can undermine other or even all layers of
security. Li and Thimbleby (2012) expanded Reason’s model to better understand how
incidents are caused. This extended version of Reason’s Swiss cheese model - the so
called “Hot Cheese” model should encourage investigators to direct their attention to
parts of a system that are put in place to avoid errors but then when these safety mech-
anisms go off they are actually causing other errors which successfully pass through all
safety barriers, or in the model called, slices or layers. For example, an airport closes
down one runway due to small parts of debris forcing all planes to land on the second
runway as a safety precaution. However, the high demand on that single runway causes
further danger and additional high wind problems which happen on the second runway
actually can now present a far more dangerous problem for certain aircraft.
There are many more classifications and taxonomies in the literature, which are to
some extend mostly targeted, to be applied to a specific problem area such as aviation
systems, healthcare systems or other safety-critical systems (Wiegmann & Shappell,
2001; Wiseman et al., 2011). The Human Factors Analysis and Classification System
(HFACS) is one such a tailored and widely accepted classification (Schmidt, Schmor-
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row, & Figlock, 2000; Shappell & Wiegmann, 2001). It was developed to provide safety
professionals with a tool for identifying and classifying the human causes of aviation
incidents and is built on Reason’s (1990) human error model of latent and active fail-
ures (Shappell & Wiegmann, 2001). HFACS describes human error at each of four
levels unsafe acts of operators, preconditions for unsafe acts, unsafe supervision, and
organisational influences.
Although multiple classifications would probably be applicable to the studies pre-
sented in this work, the thesis primarily builds on the classification by Reason (1990)
(as it is focused on cognitive aspects) and a classification for number-transcription er-
rors by Wiseman et al. (2011).
2.2 Human Error in Healthcare
Healthcare is a complex and data intensive domain. People in healthcare are constantly
interacting with a variety of systems under pressure, physical and cognitive stress. It is
a highly demanding area focused on efficiency, accuracy and effectiveness. Because of
the complexity of that area and the constant changes of technology there is a growing
interest in studying human errors.
As with each complex system there come potential vulnerabilities to errors. Some
of these vulnerabilities can be attributed to faulty systems, others to human factors or
both. According to (Kohn et al., 2000), an estimate of 44000 to 98000 people die each
year in the U.S. as a result of medical errors.
Whereas some safety-critical domains such as aviation greatly benefited from hu-
man error research, in healthcare this is not always the case. Many errors are not
reported or simply can not be reported. Some errors seem so small so mundane and yet
they can cause great harm. An example, in particular, are number-entry errors when
using infusion pumps.
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2.2.1 Research Limitations in the Healthcare Domain
According to Vincent, Neale, and Woloshynowych (2001), about 11% of patients in UK
hospitals suffer from error incidents. From these 11% almost all of them can be pre-
vented. Yet Healthcare has a very sensitive organisational culture. Blame is sometimes
the first thing that typically follows an adverse event in healthcare. The problem is that
blame, no matter in which direction self-blame, blame of the whole system or blame
of others, does not help to recognise and to fix critical flaws in a system. As a result
people and institutions are very careful about admitting and reporting mistakes. The
literature shows many cases where people are rather tempted to blame the hospital staff
or blame a scapegoat to appease the public, which is not the right approach (Aspden,
Wolcott, Bootman, & Cronenwett, 2007). Additionally, how such adverse events are
published is still causing concern and sometimes badly reflect on people working in the
healthcare domain.
In general, studying human errors in healthcare can be challenging and requires
researchers to overcome many barriers. Firstly, a researcher in healthcare need to
take into account that healthcare is a highly multidisciplinary area (Atwal & Caldwell,
2006). Therefore, detecting error is sometimes not possible due to many factors such
as the specific environment and how people interact with systems. For example, it is
difficult to detect number-entry errors in drug infusion pumps made by nurses during
surgery. Actively monitoring medical staff while entering numbers is in most cases not
feasible and may introduce uncomfortableness or even fear, which can badly reflect
onto patient safety. Indeed many medical devices provide logging features, however the
devices do not log what the user had intended to enter but what the device interpreted.
Thimbleby (2011) stated that devices which only record the final number that was en-
tered instead of the user’s detailed actions are insufficient to determine the source of a
number-transcription error.
The complexity of the healthcare domain is in itself a challenge, which researchers
need to take into account. This means that for example, if a study is being designed it
might involve a great number of different organisational and technological levels within
healthcare. A study conducted to investigate number entry errors in infusion pumps
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might be feasible in one department but might get much more complex if, for example,
the study should not take place in paediatrics but in the intensive care unit.
2.2.2 Healthcare Interface Design & Number-Entry Errors
The healthcare domain is increasingly relying on a vast amount of technology. This
includes ordinary administrative equipment or complex medical devices in the operat-
ing room such as respiratory ventilators, defibrillators or infusion pumps. As many of
these devices are used in emergencies or in other life-saving situations it can be assumed
that such interactive systems are well designed therefore using them would not lead to
confusion or result in errors being committed. This is however by far not the case.
Software issues (Wallace & Kuhn, 2001) and design issues (Wiklund, 1995) have long
been studied.
Still, a poor interface design and a lack of proper testing lead to many errors which
could otherwise be avoided such as mode errors as well as poor or ambiguous device
feedback on operations or states (Obradovich & Woods, 1996; Zhang, Johnson, Patel,
Paige, & Kubose, 2003; Wiseman et al., 2011). Mode errors are errors where users
perform an action in one mode but confuse the current mode with another one. For
example, using the fill all tool instead of pen tool in a photo editing program. The
Air Inter Flight 148 incident included a mode error committed by the captain as he
entered the wrong number in the wrong window or mode of the autopilot system.
One area in particular, shows the high cost that can come with errors and that
is drug delivery. In drug delivery medical staff, usually nurses or doctors, administer
prescribed drugs via syringes and sometimes via syringe pumps or infusion pumps. To
administer a drug to a patient via an infusion pump requires the nurse to program
the device with the rate of the drug and the volume to be infused (VTBI). In specific
cases it can be the patient him or herself who is required to program such a device.
The numbers to be entered are sometimes calculated in advance or transcribed from a
source for example a label on the drug or the patients’ health record. There are also
additional steps in between delivery which can include turning on the device, reset-
ting the device, changing modes and others depending on the specific device. Furniss
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et al. (2011) describe in detail the tasks of a drug administration task in order to
evaluate medical device design in the context of use. The following two examples of
number-entry errors show how critical such small transcription tasks can be to patients:
The first example is the case of Denise Mellanson. She was a cancer patient being
treated in a hospital. She used a portable infusion pump containing a four day dose of
two chemotherapy drugs: cisplatin and 5-fluorouracil. The dosage was calculated (with
a calculator) and programmed by a nurse. A second nurse was asked to confirm the
calculation but could not find a calculator thus performed the calculation in her head.
The second nurse did not recognise any errors and the patient was discharged. After
four hours the patient noticed the infusion-pump was beeping and the drug containers
were empty. She returned to the hospital where the error was recognised but it was
decided that no treatment was necessary. The patient was again discharged with the
advice to drink plenty of fluids to counteract the large amount of drug that has been
administered. Two days later the patient complained about vomiting and nausea but
was again sent home as no beds were available. Denise Mellanson died after 20 days as
a result of the error (Grissinger, 2011). The subsequent investigation discovered that
among a calculation error, there were flaws in the infusion-pumps design which had
attributed to the error. For example, the screen to review the programmed settings
did not indicate the duration of the drug delivery that had been programmed into the
device and the device itself did not include any dosage limitation software meaning it
was not able to detect what could be a potential dosage excess.
The second example is the case of an experienced intensive care nurse (Kimberly
Hiatt) who accidentally made an error while programming an infusion pump. The nurse
dispensed 1.4 grams instead of 140 milligrams of calium chloride leading to the death
of eight-month old Kaia Zautner. Ms Hiatt was a nurse with 24 years of experience
and although she reported the incident immediately she suffered from the following
investigation. Half a year later the nurse committed suicide (Clancy, 2012).
Both cases show different aspects that can contribute to errors in drug delivery.
Moreover, they also show that better medical device design could have potentially in-
troduced another safety layer, as Reason (1990) described, which could have attributed
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to detecting and preventing the errors to progress any further. The United States Food
and Drug Administration (FDA) and other official bodies, such as the Institute for
Safe Medication Practices (ISMP) are recognising these issues and published standards
and guidelines to address as many issues as possible (FDA, 2000; ISMP, 2007). For
example, the ISMP published a list of error-prone abbreviations including guidelines
on how dose designations should not be presented to avoid errors. For example, no
trailing zeros should be used after the decimal point for doses that representing inte-
gers i.e. “whole numbers” (1 instead of 1.0). Another example is the representation
of the dosage information. What should be avoided is presenting the numerical dosage
and the unit of measure together without sufficient space in between (10 mg instead of
10mg) (ISMP, 2004).
Focusing on infusion pumps, there are many different kinds of such devices used
in healthcare. Having such diversity of device manufacturers ultimately results in an
equal diversity of interface designs for infusion pumps. Some of the most common de-
vice interface designs are Chevron i.e. incremental, Dial, Serial i.e. calculator-based
and 5-Key interfaces. In a Chevron interface users can only increment or decrement
the number by using fixed actions typically in the form of a pair of “up” and “down”
buttons. The Chevron interface shown in figure 2.8 (c) consists of two buttons each to
increment or decrement numbers. The buttons with double chevrons indicate a larger
amount that can be changed compared to the buttons with a single chevron. A Dial
interface (see (d) in figure 2.8) consists of a knob that can be turned left or right in the
same way as a volume knob on a radio. Serial interfaces (see (a) in figure 2.8) provide
a calculator like interaction for users and they can be found on keypads, cash-machines
or phones. Serial interfaces provide a direct output mapping of the numbers. However,
Serial interfaces also vary in their layout design. While there is an argument in the
literature that having the lower numbers listed in the top row (1, 2, 3) would be a
better design in context of accuracy than having the higher numbers listed at the top
(7, 8, 9 or sometimes 8, 9, 0) (Conrad & Hull, 1968) others suggested placing the zero
key at the bottom of the interface (Marteniuk, Ivens, & Brown, 1996). 5-Key interfaces
(see (b) in figure 2.8) such as the one on the B.Braun Infusomat ® Space consists of
left & right buttons which select digits, up & down buttons which increase or decrease
digits and a fifth key which is sometimes labelled as OK or Save button to submit the
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entered number.
Figure 2.8: Design variations for infusion-pump interfaces
Oladimeji et al. (2013) evaluated the above listed interfaces and found that a Serial
interface is the fastest in terms of number-entry whereas a 5-Key interface is the most
accurate one. Dial & Chevron interfaces are the slowest in number-entry and seem to
open room for frustration when it comes to large number-entry tasks. Oladimeji et al.
(2013) also mentioned that Dial & Chevron interfaces bear the risk of undershooting or
overshooting the intended target number but have the advantage that users might focus
more on the target display rather than the interface buttons or knobs and therefore are
able to spot an error.
2.2.3 Human-Computer Interaction & Number-Entry Errors
With the increasing proliferation of devices used in healthcare and with an increasingly
ageing population in the UK, more people will need to rely on medical devices in a mul-
titude of environments such as in a hospital or at home (Gomes & Higginson, 2008).
Blandford (2010) pointed out that reliability will become more and more an important
factor for healthcare devices and that a growing automation of devices in healthcare
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contributes to a decrease in direct communication between patients and medical staff.
Therefore it seems natural that these devices are designed to be easy to use and to
avoid errors. However, earlier work by Obradovich and Woods (1996) presented that
medical devices do suffer from design issues.
HCI research is an essential part in medical device design but researchers argue that
traditional techniques have difficulties to cope with the complexity of device design in
the healthcare domain (Thimbleby, 2007). According to Thimbleby (2007), HCI tech-
niques such as User-Centred-Design (UCD) must be present in medical device design
but they are insufficient when it comes to complex medical devices as the studies might
not be able to reveal all the problems. Blandford (2010) adds, that this is especially
the case for people who differ in their training. Training is of course an essential way
to prevent errors but training cannot help to prevent slip errors (Byrne & Davis, 2006;
Back, Brumby, & Cox, 2010). Blandford (2013) further proposes seven challenges to
investigate technologies used in healthcare. Holzinger, Thimbleby, and Beale (2010)
argue that HCI research should be aimed at the daily routine of medical staff and the
technology which is used to improve the safety and effectiveness in healthcare.
It is known that misprogrammed medical devices are the second most frequent rea-
son of medication errors, making it clear that it is important to reduce as many errors
as possible (Smetzer & Cohen, 2006). In number-entry processes of medical devices,
such as infusion-pumps, little is known about what errors people make and to what
extent such devices can prevent or mitigate errors (Thimbleby & Cairns, 2010). Re-
search around number-entry errors is a relatively young but fast expanding area and
researchers have realised the importance to chart this area.
Research in number-entry has approached the phenomenon of errors in the interac-
tive medical device context from different angles. For example, Wiseman et al. (2011)
attempted to better understand what kind of errors people make while using infusion-
pumps and established a taxonomy to classify the detected errors. Oladimeji et al.
(2013) evaluated different interface designs for infusion-pumps, such as listed in Section
2.2.2, and concluded that some designs (while faster) are at risk of making more severe
errors while by using other interfaces users require more time to enter the numbers but
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do not make as many errors. Others focused their attention on specific design features
of medical devices (Cauchi et al., 2012).
Intuitively, double checking drug delivery information such as rate or VTBI may
seem a natural way of eliminating errors. Although this technique can detect errors,
it has been shown that in some cases double checking is not effective. For example,
if the second check or safety check is not performed by another person than the one
who performed the first number-entry task, then confirmation bias makes it difficult
to detect errors (Grissinger, 2003). Additionally, even if two individuals perform the
checks they may be unable to detect differences if they are distracted or do not act
independently.
In case of programming an infusion device certain design features (Cauchi et al.,
2012) or artefacts become important such as the way in which the to-be-transcribed
information is presented (Back & Cox, 2013). Previous work by Back and Cox (2013)
has shown that artefact arrangement of interactive devices can have a critical impact
on the way people perform the programming task, the usability and user experience
of the device as well as subsequently the errors made during the interaction. In their
work they apply the gestalt law of similarity (a method used by the HCI community
to understand how people’s perception is grouping objects) which states that similar
items should be grouped and presented together whereas a missing similarity is sug-
gesting differences in the items. These differences should then be reflected in the visual
grouping of such items. However, Back and Cox (2013) found that this should be done
by keeping the specific task in mind and this should also be done for all items involved
in the interaction with the device. For example, grouping items on the interface itself
are not enough meaning items on the source or any procedural step (task) need to be
considered as well.
Additionally, previous work focused on interruptions, how they affect number-entry
tasks and what approach can be taken to analyse task resumptions (Rajkomar & Bland-
ford, 2012). For example, (Back et al., 2010) demonstrated that an enforced lockout
period after an interruption can be beneficial and reduce (sequence) errors by 64%.
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There is also the argument that errors can be reduced by visual cues and by low-
ering the cognitive load of people. Byrne and Bovair (1997) for example, worked on
reducing post-completion errors. A post-completion error is a procedural error that
occurs after the main task has been completed. Their study, which was focused on a
Star Trek game, concluded that indeed by reducing the memory load and providing
visual cues at the right time that post-completion errors can be reduced.
An interesting aspect in HCI focuses on people’s task performance and the strat-
egy that they use to complete the task (Morgan & Patrick, 2010). The cost to access
specific information is a central aspect in this context. Information Access Cost (IAC)
is defined as: “the time, physical and mental cost of accessing information” and was
introduced by (Ballard, Hayhoe, & Pelz, 1995). IAC can cause changes in people’s
cognitive processing strategies which in the end affects their task performance. For ex-
ample, IAC in a task can be influenced by hiding a specific aspect, such as the display
or the interface, in the interactive context. The cost of accessing the hidden part (low or
high) can be controlled by making the step required to uncover the hidden part either
easy or difficult (single key press or key combination to reveal the display). Previous
research has shown that the ease with which a user can access the to-be-transcribed
information can impact the strategy which they use to complete the tasks. This means,
whether or not the user has to, for example, click to reveal it (Gray, Sims, Schoelles, &
Fu, 2006), can lead to differences in accuracy of performance. Back, Cox, and Brumby
(2012) evaluated IAC by looking at multitasking in programming of infusion pumps
and found that with a high IAC, people are interleaving tasks by the use of a more
memory-intensive strategy. Gray et al. (2006) specifically focused on memory and the
cost to access the information explains the Soft Constraints Hypothesis, which suggests
that people are more likely to use a potentially less accurate memory-intensive strategy
over a more accurate perceptual-motor strategy when the cost of accessing informa-
tion is higher. Whilst much research has focused on decreasing IAC, recent research
has demonstrated that there may be disadvantages to this approach if the information
processing strategy adopted is too passive (Morgan & Patrick, 2010).
Researchers have realised that there is a gap in HCI techniques to address the
area of medical device design. Cauchi et al. (2012) started to look at specific design
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elements for number-entry interfaces to reduce errors which is one aspect this thesis
will focus on in Chapter Three. Additionally, research surrounding IAC is touching
other areas in psychology which are based on similar concepts but suggest an opposing
view that when information is harder to access can be beneficial in terms of memory
and accuracy (Diemand-Yauman et al., 2011). This is another aspect which this thesis
will investigate in form of a series of studies in Chapter Four.
2.2.4 Attention & Distraction
The early studies of this thesis (Chapter Three), show a persistent but low error-rate
regardless of the experimental design. Distractors are known to increase error-rates
(Forster & Lavie, 2008; Lavie & De Fockert, 2003), a fact that later studies in this
work employ. Attentional failure is one cause that lead to slip errors (Reason, 1990;
ISO, 2007). Previous work focused substantially on understanding the nature of at-
tention as well as how attention can be captured by distracting items. This gravitated
towards a discussion of whether distracting items are filtered out shortly after they have
been perceived (early selection) or if such distracting items are fully processed but pre-
vented from influencing actions or memory (late selection). The perceptual load theory
of attention (Lavie, 2005) states that whether early or late selection occurs depends on
the perceptual load that a person is experiencing at that moment. For example, while
the participant is doing the primary task in an experiment. A dual task, for example
with a distracting secondary task (as used in later studies) is a common strategy used
by researchers to provoke more errors.
Perceptual load has mostly been studied in visual search tasks. In case of low per-
ceptual load, that is where there are few items to search through or items that are
easily distinguished from the target item, there is a lot of spare capacity for processing
distracting items therefore late selection occurs. On the contrary in case of high percep-
tual load, that is were there are many items or items that are easily confused with the
search target, there is much less capacity for processing distracting and therefore late
selection occurs. In summary, situations with high perceptual load distracting items
are less distracting.
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In many situations in daily life distractions are not of visual but of audio origin.
Only a select number of workplaces are entirely silent and healthcare or aviation envi-
ronments are no different. In fact, safety-critical domains depend on audio inputs to
capture the attention in case of an emergency. It was therefore decided to chose au-
dio distractions, to have some comparison to, although idealised, number transcription
tasks in a busy safety-oriented environment.
Hearing can play an important role in monitoring a specific environment and can
therefore act as an early warning system with unexpected sounds capturing the atten-
tion even if they are not relevant to the task at hand (Dalton & Lavie, 2004). Addition-
ally, Murphy, Fraenkel, and Dalton (2013) showed that unlike the visual search task,
where perceptual load can result in filtering out the distracting item, in an audio search
task, distractors are still perceived regardless of the audio perceptual load. This was
also the case cross-modally with the perceptual load of a visual search task having no
significant effect on the perception of audio distractions (Tellinghuisen & Nowak, 2003).
In particular, in the visual search task of looking for either an X or an N in a group of
letters, an audio distractor of X and N either increased or decreased reaction times de-
pending on whether the distracting item was the same or different from the target letter.
When it comes to understanding the more complex environment in which healthcare
devices are used, the literature on distractions and their effect on the performance of
the different tasks (particularly perceptual tasks) was employed to improve the error-
rate and taken forward into Chapter Five.
2.3 Transcription Tasks
Routine data transcription tasks occur in a large number of places, for example, enter-
ing accounting data into a spreadsheet, and paying bills via an on-line banking system.
However, people make errors. For example, nurses or doctors are often required to en-
ter large quantities of sensitive data in electronic health records (EHRs) or to program
drug infusion-pumps with information located elsewhere on a prescription or on a label
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of a drug infusion bag.
2.3.1 Text Processing
Previous research focused on the performance in typing (Rumelhart & Norman, 1982)
and on understanding the processes underlying text-transcription tasks (Salthouse,
1986; Logan & Crump, 2009). Wu and Liu (2004) (p.381) describe text-transcription
tasks as: “intricate and complex interaction of perceptual, cognitive, and motor pro-
cesses”. Work by other researchers are in line with Salthouse (1986), that transcribing
text includes the collection of the source text via a sequence of eye-movements, fol-
lowed by the translation of the collected information into a sequence of keystrokes e.g.
(Inhoff, Morris, & Calabrese, 1986).
Further to that, there is the argument in the literature that people possess a control
system which is divided into two parts: an outer loop and an inner loop (Rumelhart
& Norman, 1982; Wu & Liu, 2004). The outer loop can encode the to-be-transcribed
content into a sequence of words. Whereas the inner loop is responsible for transform-
ing the words into keystrokes. (Logan & Crump, 2009) add that the inner loop is also
responsible for identifying finger or hand movements and suggest that the loops are
encapsulated, meaning the outer loop is unaware which hand or finger types which
characters and only the inner loop is aware of this.
The argument has been made in the literature that findings in text-transcription
may be applicable in the domain of number-transcription tasks (Wiseman, Cox, &
Brumby, 2013).
2.3.2 Number Processing
There is at the moment no clear understanding of how people process numbers as re-
search in this area is rather scarce. However, there have been attempts to establish a
body of knowledge surrounding number-transcription tasks.
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Early research found that short-term memory and working memory is limited in
context of numbers. In other words people struggle to memorise more than seven
random digits (Miller, 1956). McCloskey et al. (1985) argued that people possess a
system which processes numbers. Moreover, this system would be responsible for how
people produce and understand numbers. McCloskey et al. (1985) add that, in their
view, there is a mechanism which is responsible for processing numbers in Arabic no-
tation and another one for verbal numbers. Both parts include factors which look at
the syntax and semantic of a number. Other researchers expanded this view and add
that there might be a another part, which stores the analogue quantity of a number in
memory (Dehaene, 1997). According to Dehaene (1997), this third part is non-verbal.
Once people perceive a number (hear or see) they produce an estimate of the number in
their mind in form of an image but this estimate becomes increasingly imprecise once
the number is increased. Dehaene (1997) describes the combination of the three parts
in his work as the Triple-Code-Model (TCM).
Another view focuses on spatial representation of numbers. Dehaene, Bossini, and
Giraux (1993) present the idea of the spatial numerical association of response codes
(SNARC) effect which says that people possess a mental number line where they place
numbers during the encoding process in memory. Previous work has shown that there
are indications that people place numbers along this mental line from left to right and
from small to large. However, views on this theory are divided as others found the
same effect could be shown with letters (Nol, Rouselle, & Mussolin, 2005).
The issue of how people process and transcribe information is an important as-
pect in healthcare. This thesis presents studies which investigate the effect of interface
design features on accuracy in transcription tasks which may help to get a better un-
derstanding of how people process numbers, what strategies they use or what effect
specific design features can have on memory.
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2.4 Dual-Processing Theories of Reasoning
For many years researchers have been discussing the theory of two distinct cognitive
ways of thinking underlying reasoning (Evans, 2003; Kahneman, 2008, 2011; Frank-
ish & Evans, 2009). Dual-processing theories of reasoning (DPT) were proposed by
researchers from different scientific areas such as decision making, cognition, learning
or deductive reasoning and developed largely independent from each other (Frankish,
2010). DPT was further inspired and brought to the attention of the general public
when Daniel Kahneman and Amos Tversky won the Nobel Prize for their work (Kah-
neman & Tversky, 1982). Numerous researcher have since then focused on DPT and
many concepts, models and terminologies arose over the time. Different names were
used by the scientific community to describe these kinds of reasoning such as for exam-
ple “implicit” and “explicit” (Reber, 1989; Evans, 2003). According to Evans (2003),
the terms implicit and explicit refer to the functional differences between the two kinds
of thinking which are also described as Type 1 or Type 2.
However, Stanovich and West (2002) introduced a neutral and increasingly com-
mon terminology for the two different ways of reasoning namely System 1 & System
2. System 1, as described by Kahneman (2011) and Evans (2003), is a form of cogni-
tion shared between humans and animals. According to Stanovich and West (2002),
it is a set of several subsystems which also include instinctive behaviours. System 1 is
hard to control, effortless as well as fast and automatic in execution and non-conscious
(Kahneman, 2008; Frankish, 2010). On the contrary, System 2 is believed to be a more
recent development and considered a human-only kind of thinking (Evans, 2003). Sys-
tem 2 is limited in its capabilities (i.e. working memory capacity), effortful and slow
in execution. However, it is a fast learner, conscious and can be controlled. System 2
is considered to monitor System 1 but only on a casual basis (Kahneman, 2008). For
example, when a calculation task changes from a trivial to a more effortful task System
2 takes control. An example for such a scenario is thinking of tasks such as the question
of what is the result of 3 × 1 or the question of what is the result of 922 × 1319. In
the latter example, System 2 takes the helm over the thinking process. According to
the theory, people do not have an immediate number in their head for such a complex
calculation so they have to compute the result. It is also assumed that cognitive biases
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are attributed to System 1 whereas logical thought processes and associative processes
are attributed to System 2, which is also believed to be a rule-based system (Frankish,
2010). There are several DPT in the literature which circle round the core aspects of
System 1 & System 2. However this thesis is motivated by Kahneman’s (2011) DPT
approach.
2.4.1 Opposing Views of DPT
During the past twenty years many researchers have critically evaluated the dual-
process theory (Gigerenzer & Regier, 1996; Keren & Schul, 2009; Osman, 2004; Keren,
2013). Most recent Keren (2013), specifically addresses Evans and Stanovich (2013)
view of DPT in different aspects which elicited over time in the research community.
One aspect are multiple and vague definitions by mentioning the increasing confusion
about the complexity that the construct of a dual-system has developed over time.
Numerous terminologies have been introduced to describe and explain the different
aspects which led, in the view of Keren (2013), to a “deformation” and “ambiguity”
of the dual concept. The continuous attempt of researchers that promote the DPT
are in the view of Keren (2013) rather futile attempts, which only add to the growing
confusion. Additionally, it seems that none of the DPT possess the foundations of well
defined constructs and scientific scrutiny under investigation. DPT is hard to test and
to grasp as one of the major criticism is that the theory is simply too broad and re-
searchers have used vague terminology (Keren, 2013). Evans and Stanovich (2013) in
response mention that they approve of the critics of a dual-systems model but abandon
the entire list of specific characteristics that distinguishes the two systems from each
other except working memory, mental simulation and cognitive coupling (Keren, 2013).
Moreover, there is evidence that working memory is not a unitary concept meaning
there are different views on how working memory functions (Baddeley, 2007). Addi-
tionally, there are concerns about the criterions used in the different models. Keren
(2013) argues that mental simulation as measurement to define aspects of System 2
processes is highly questionable. The literature shows that mental simulations are
System 1 processes similar to perception and motor movements Keren (2013). How-
ever, Evans and Stanovich (2013) assume that most of the criticism they received do
not apply to their specific model and their newly revised DPT should silence those
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critical voices. Moreover, work by Osman (2004), brought to light that it might be
wrong to divide higher cognitive functions into simply two systems. Nevertheless, ar-
guments by the research community who oppose or who favour DPT are not the focus
of this thesis. It is not the intention of this thesis to prove or disprove the existence of
DPT but to investigate and to discuss possible effects on reducing number-entry errors
which are caused by interface design elements based on the theoretical model of a DPT.
DPT have strongly motivated parts of this thesis but in a very narrow and specific way.
2.4.2 Applications & Implications of DPT in Number-Entry
A very interesting question is how can transcription tasks and interaction tasks with
medical devices benefit from DPT? Is such an application possible? If the human mind
really operates as researchers in psychology suggest, would it be possible to some-
how stimulate deeper, more effortful, cognitive processes to make people think harder?
Would it be possible to somehow influence peoples’ mind so that they make less errors
when they transcribe numbers?
There are attempts in the literature to examine ways to stimulate System 2, that is
the slower thinking, in certain situations. Some researchers simply try to provoke peo-
ple to think harder. Diemand-Yauman et al. (2011) for example, measured the effects
of hard to read fonts on the outcome of students who had to memorise information.
Their results indicate that there is potential for great improvement in performance of
people’s memory when presenting information in a harder to read font. Kahneman
(2011) described a similar process of applying blurred fonts to make System 2 take
control of peoples thinking and to improve their accuracy and consequently reducing
room for errors.
Apart from studying the effects of traditional interface elements on medical devices
in transcription tasks this thesis is therefore also presenting a novel approach on inter-
face elements which are influenced by cognitive aspects based on a DPT (see Chapter
Four).
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2.5 The DOV - Effect
There is considerable work in psychology, which focuses on the theory that people’s
learning processes, for example in multimedia, would benefit from a more active and
deeper processing of the information (Mayer, 2009; Kuehl, Eitel, Damnit, & Koendle,
2014). This means that, for example, students who read mixed learning material (text
and pictures) would be more active and and therefore learning outcomes would increase
(Kuehl et al., 2014). However, as Kuehl et al. (2014) mentioned, it is difficult for de-
signers or educational instructors to stimulate a deeper processing of the perceived
information by students. At present, the research community in psychology is divided
whether this is possible or not and if the applied methods have really led to a success
in learning outcomes or not.
According to Mayer (2009), one key aspect for a successful learning benefit in mul-
timedia is that students would have to process the information actively. This means
that students would have to select and structure the information actively from the
pictures or text content. However, as such processes take place in working memory,
working memory has only limited resources (Sweller, Ayres, & Kalyuga, 2011). Re-
sources which could be depleted by active processing long before deeper processing is
stimulated (Mayer, 2009; Kuehl et al., 2014). Therefore according to Kuehl et al.
(2014) it is desired to prevent working memory (i.e. working memory capacity) being
overloaded. A result that could be achieved by designing the information (in this case
multimedia content: text and pictures) to avoid any unwanted excess cognitive load
while processing it. Kuehl et al. (2014) points out that such unwanted cognitive excess
load could be attributed to perceptual difficulties caused by poorly designed content.
However, there is an emerging theory (disfluency theory) in the research commu-
nity, which opposes this view. Disfluency theory is applying perceptual difficulties with
the aim to trigger a deeper cognitive processing of the perceived content (Alter, Op-
penheimer, Epley, & Eyre, 2007; Alter & Oppenheimer, 2009). Disfluency theory is
based on the aspects of the DPTs (Kahneman, 2011) as it distinguishes between the
two systems: System 1 & System 2. According to Alter et al. (2007), whether Sys-
tem 1 or System 2 is used might depend on how the perceived information is difficult
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or easy. Disfluency theory basically, states that perceiving disfluent information leads
to deeper, effortful and analytic cognitive processing and therefore can lead to higher
learning outcomes (Kuehl et al., 2014). Diemand-Yauman et al. (2011) were able to
produce higher learning outcomes by introducing perceptual difficulties in their studies.
They obscured the to-be-perceived information (e.g. text) by changing the font and
font-colour of the text which led to better memorisation of that content compared to
a clear presentation (e.g. clear black font and standard font-type) - an effect which is
known as perceptual-interference effect (Nairne, 1988; Diemand-Yauman et al., 2011;
Kuehl et al., 2014). Additionally, the literature also shows that there are similar re-
sults achieved by others (Sungkhasettee, Friedman, & Castel, 2011). Many researchers
are motivated by the possibilities that the perpetual-interference effect offers. How-
ever, others were not able to successfully detect an advantage by obscuring the to be
perceived content to introduce disfluency (Rhodes & Castel, 2008). Some researchers
discovered that perceptual difficulty lead to disadvantage in memory (Yue, Castel, &
Bjork, 2013) or even impairs memory (Glass, 2007). Yue et al. (2013) aimed to find
a threshold of when disfluency is exactly, what they called,: a “desirable difficulty”
(p. 230) which they were not able to do so. Diemand-Yauman et al. (2011) and
Sungkhasettee et al. (2011) however, managed to successfully achieve such “desirable
difficulty”.
The phenomena, which is known in other instances as perceptual-interference effect
(Diemand-Yauman et al., 2011; Kuehl et al., 2014) is referred to in this thesis as
Dieman-Yauman, Oppenheimer and Vaughan (DOV) - effect. The DOV - effect states
that by introducing disfluecy in the to be perceived information (i.e. obscuring text or
numbers in a different font-type or colour) lead to effortful and deeper processing, bet-
ter memory encoding as well as memory retrieval (Kahneman, 2011). The DOV effect
can therefore lead to less errors being committed by transcribing the before perceived
information. A transcription task can be in the form of text transcription or number
transcription in this context. The reason for defining the perceptual-interference effect
as DOV - effect in this thesis is to stress that the thesis was motivated and inspired by
the work of Diemand-Yauman et al. (2011). Additionally, the manipulations used in
the following experiments (Chapter Four and Chapter Five) are replications of those
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used by (Diemand-Yauman et al., 2011).
In summary, compared to traditional methods of making information as fluent and
as clear as possible there seems to be evidence in the literature which suggest the
counter-intuitive approach of introducing disfluency can lead to higher accuracy than
the contrary. This thesis presents a series of studies investigating the DOV effect and
contrasts the results on previous findings in the field.
2.6 High Level Review of the Research Questions
2.6.1 What design features can be used to ameliorate the effects of hu-
man error in entering numbers into digital healthcare devices?
Healthcare is a domain that houses a multitude of devices which by themselves have a
diverse range of interfaces. Earlier work by Cauchi et al. (2012) proposed a range of
design features which, if applied to a number-entry interface, could analytically lead to
fewer errors being committed. The proposed design features included the start position
of the cursor, cursor wraparound (i.e. the cursor jumps from 9 to 0), block errors (i.e.
the cursor jumps from one side of the display to the other) and many others. Accord-
ing to their analysis some features seem to have a greater effect than others. However,
Cauchi et al. (2012) did not evaluate their findings in actual laboratory studies.
The work presented in this thesis aims to provide an answer to this research ques-
tion in respect to earlier work in the field (Cauchi et al., 2012). Chapter Three will
focus on this research question and present three studies aimed to investigate the effect
of such traditional interface elements on errors in a number-entry transcription context.
2.6.2 Can the DOV be used to ameliorate the effects of human error
by reducing the error-rate in transcription tasks?
Slip errors are errors where training and experience is not much of help (Reason, 1990;
Back, Blandford, & Curzon, 2007). Slip errors occur in all kinds of situations such as
number-entry or general transcription tasks. Yet the psychology literature shows that
the way cognitive processes operate can be influenced by certain stimuli to activate
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a deeper processes which result in better memory encoding and retrieval (Kahneman,
2011; Kuehl et al., 2014).
This thesis was in part inspired by DPT and the previous work of (Diemand-Yauman
et al., 2011). Diemand-Yauman et al. (2011) provided evidence that obscuring in-
formation in a harder to read format by changing the font-type or colour could have
a significant impact on how people memorise the perceived information. Their the-
ory (e.g. cognitive disfluency) is built upon DPT which means that in theory a high
level cognitive processing should be stimulated by obscuring the target information.
These high-level or deeper processes would then be responsible for a better encoding
of the harder-to-read information resulting in higher accuracy once the information is
retrieved from memory.
While Diemand-Yauman et al. (2011) successfully demonstrated this effect by ob-
scuring content in a text processing set-up they provided no evidence for number-
processing. As previously mentioned (Section 2.3.2) little is known about how people
process numbers. Additionally, Diemand-Yauman et al. (2011) also did not conduct
their study in an interactive context therefore it was unknown if the same effect could
be seen in such a context as number-entry.
Chapter Four shows a study, which successfully replicated Diemand-Yauman et al.
(2011) results by transcribing text in a game. Moreover, additional studies are pre-
sented which successfully transfer the DOV effect from text to number-transcription
tasks. Chapter Four and Five present studies which answer this research question and
show that the DOV effect is an appreciable effect to successfully ameliorate human
errors (such as slip errors) in transcription tasks while programming infusion devices.
2.6.3 How does the DOV work with a view of moving to real-world
applications?
This research question will focus on how the DOV works in an interactive context. It
will describe the dynamics of the effect based on the evidence presented by the studies
in Chapter Three and Four supported by the literature. Moreover, the robustness of
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the DOV effect will be discussed based on the results in Chapter Five which give a first
view of how the effect might behave in a real-world environment where distractions are
present.
2.6.4 What are the implications of the DOV effect in the context of
transcription tasks?
Transcription tasks are a part of everyone’s life. Therefore the implications of the DOV
effect (i.e. cognitive based interface elements) on such tasks could be generally enor-
mous and also cost-efficient. Many devices or interfaces, for example infusion-pumps
or autopilots sometimes provide numerous design variations. Sometimes this can lead
to better usability but opens room for errors. A process that the Swiss cheese model
illustrates very accurately (Reason, 1990). With continuous advances in technology
it is very likely that the healthcare domain will be in a continuous stream of new in-
novations over the next years, which means more and more devices are flooding the
healthcare sector.
The DOV effect presents an approach in an interactive context to successfully re-
duce errors by moving away from traditional device-oriented design features. This
means unlike focusing on one feature for a specific device, which most likely will not
have the same effect on another device, there is a way to directly influence users in
a transcription task to make fewer errors. For example, simply obscuring the infor-
mation would lead to higher accuracy in situations where people fill out web-forms or
their on-line banking transactions. On the flight-deck the DOV could be introduced as
additional safety-layer where information that has to be entered in certain instruments
is then presented in the same obscured way as it was used in this thesis. The better
encoding and retrieval of the information in memory may prevent failures of certain
safety-layers as presented in the Air Inter 148 incident. Chapter Six will discuss this
research question in light of the studies presented in this work.
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2.7 Summary
This thesis is very strongly motivated by healthcare but healthcare itself is a very
complex area. For example, it is very difficult to get access to and to get clear under-
standings. However, this thesis is focusing on a small aspect in healthcare but one with
a potentially high impact factor on patient safety namely number-entry and how this
processes can be improved to reduce errors.
In number-entry the attribution of an error is clear in terms of cause and effects of
a single error. Researchers try to understand number-entry errors in terms of the tech-
nology of the device and how people work. When people enter numbers they first form
the number in their mind, then approach the device followed by unpacking the number
they then use the controls to enter the number and evaluate the results and they press
commit. There are factors about the device that could affect how people complete this
task but also there is another approach by Diemand-Yauman et al. (2011) which shows
that there might be a different way of making progress.
The following Chapter Three will now discuss studies investigating the effect of tra-
ditional interface elements on number transcription tasks in a medical device context.
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Chapter 3
Feature driven studies on design
elements for medical devices
“I have not failed. I have just found 10,000 ways that won’t work.”
Thomas Alva Edison
3.1 Introduction
5-Key, Chevron and Serial interfaces are common in healthcare and other safety-
critical-domains such as aviation. Because of that reason it is imperative to minimise
the errors made by interacting with such device interfaces. The following studies at-
tempt to examine the effects of working with 5-Key designs in particular building on
the analytical work of (Cauchi et al., 2012) where they conducted an analytical for-
mal analysis of many different design options for such interfaces by reverse engineering
commercial drug infusion pumps. Cauchi et al. (2012) studied various design features
in up to 28 different combinations, which analytically appeared to influence the errors
made (some of them more than others). Specifically, they found that design choices
such as the cursor-start position consistently affected the errors made with the inter-
face. Moreover, they also suggest that a combination of several of the evaluated design
choices could lead to a “less error-sensitive” design (Cauchi et al., 2012) (p.35).
This Chapter will discuss three studies which empirically investigate specific de-
sign features in the context of number-entry errors based on earlier work by (Cauchi
et al., 2012). The first experiment investigated the effect of design features on a 5-
Key interface with the result that it seemed there was no significant difference in the
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amount of errors committed. This was however influenced by the low error rate, which
resulted in an inability to perform empirical tests. However, interesting insights into
people’s preference for strategies in entering numbers could be detected. It appears that
people who use a 5-Key interface favour transcribing numbers from the left to the right.
The second study provided a better design that provoked more errors and therefore
led to empirical tests that confirmed the results from the first study. No significance
between the evaluated design features could be detected in terms of error reduction.
Moreover, a very low error presentation rate (below 5%) was noted in both studies.
Study Three had the same set-up as the previous studies but took the low error
presentation rate into account and included a secondary audio task to increase the
workload and therefore the amount of errors made by participants. However, again no
significant difference in the evaluated design features could be detected. This raised
questions about claims made by previous work of (Cauchi et al., 2012). Surprisingly,
again a very low error presentation of 2.3% was detected which was attributed to the
secondary task either being to difficult or to the robustness of the 5-Key design.
3.2 Experiment 1
Inspired by the previous work of (Cauchi et al., 2012) on design choices for 5-Key
interfaces, the following study was designed as the initial experiment to empirically
evaluate a set of these design features. This was done to see their effect on the errors
that people make while transcribing numbers. The set of design features evaluated in
this study included: Dial, Wrap, Start Position of the Cursor and Block Errors (un-
derflow or overflow) (see figure 3.1).
Dial
This feature enables each number (or cursor position) to work as an independent dial.
If a number is displayed as ‘9’ and again the up-key is pressed, the number will then
change to ‘0’. The same will happen if the down-key is being pressed when the number
displayed is a ‘0’. The zero will then roll over to ‘9’ but no other cursor position would
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be influenced (incremented or decremented).
Wrap
The wrap feature (in this case cursor wrap) allows people to move the cursor from the
leftmost position by pressing the left-key again to the rightmost position and vice versa.
Start Position of the Cursor
This design choice distinguishes between a left-cursor-start position where the cursor
is presented to the far left of the number-entry display once the device is turned on
and the right-cursor-start position, which is the exact opposite as the cursor is first
presented to the far right of the display.
Block Errors (Overflow or Underflow)
Block errors interrupt the interaction of a user if he or she tries to go beyond a specific
boundary. There are many different medical devices i.e. infusion-pump designs used in
healthcare and while some ignore the error, once a user entered an unexpected action,
(for example pressing the wrong button) and let him or her proceed, some devices block
further interaction by sounding a warning alarm (Oladimeji, Thimbleby, Curzon, Iaco-
vides, & Cox, 2012). In this case block errors are blocking an underflow or overflow.
For example, an underflow can be caused if a user presses the down-key while a ‘0’ is
displayed the number will roll over to a ‘9’. It could be argued that the Dial and Wrap
features are a form of block errors however it was decided to keep these design features
defined separately as done in (Cauchi et al., 2012).
Arithmetic
Arithmetic is usually related to underflows or overflows For example, an underflow can
be caused if a user presses the down-key while a ‘0’ is displayed the number will roll
over to a ‘9’ but in this case the number in the cursor position to the left will also be
decremented by the value of 1. Additionally, in case a ‘9’ is displayed and the user
presses the up-key then the number will roll over to ‘0’ but additionally the number at
the cursor position to the left will be incremented by ‘1’ (overflow).
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The design space available for this 5-key interfaces is quite vast and differs in com-
binations of features depending on the manufacturers requirements. Cauchi et al.
(2012) were mainly evaluating the features listed above. It should be noted that the
“Arithmetic” feature was not included in the studies presented here as the main focus
of Study One - Three was to evaluate the claim of the Start Position of the Cursor on
reducing errors. The feature arithmetic would have possibly introduced confounding
effects.
Figure 3.1: Study 1: Design features for 5-Key number-entry interfaces
3.2.1 Aims & Hypothesis
Cauchi et al. (2012) proposed in particular that a 5-Key interface which enables the
following combined features: block errors, cursor start position to the left, no wrap,
dial and block overflow to analytically let people make less errors than an interface
which does not enable this combination. According to Cauchi et al. (2012), apart from
block errors which have the highest impact on improving 5-Key designs in respect to
errors, a left-cursor-start interface design is making the interface more robust to errors
(second highest impact on reducing errors) than a right-cursor-start interface design in
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an interactive context. However, they did not confirm their suggestions by evaluating
their results in live studies on people interacting with such an interface design. It was
the aim of this study to evaluate if the combination of design features can really lead to
people committing fewer errors while transcribing numbers. Special attention was given
to the Start Position of the Cursor design feature as it proposed the second highest
impact rate in Cauchi et al. (2012). Therefore the hypotheses for this experiment were:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : Errors in the left-cursor-start positions will be significantly lower than
in the right-cursor-start positions. Therefore a left-cursor-start design would
present a better design in the efforts to reduce number-entry errors as proposed
by Cauchi et al. (2012).
3.2.2 Participants
There were 12 participants of whom 7 were men and 5 women. The mean age of all
the participants was 27.92 with a SD of 6.02 making them between 21 and 33 years
old. Participants were mostly students in the department of Computer Science at the
University of York except one research associate and one accounts assistant. One par-
ticipant came from a right-to-left writing country all others came from left-to-right
writing countries. Only one participant was left-handed. None of the participants had
previous experience of working in the healthcare sector nor used or seen a B.Braun
infusion pump before. All participants took part in the experiment after being ap-
proached and asked in person if they would participate and each of them was rewarded
with chocolate for his or her participation in the study. Participants were randomly
assigned to the specific groups.
3.2.3 Number-Transcription Task
The tasks set for participants was to transcribe as many numbers out of a list of 33.
These numbers are obtained from logs of syringe pumps collected by Sarah Wiseman,
University College London (UCL) (via personal communication). Additionally, the
49
3. FEATURE DRIVEN STUDIES ON DESIGN ELEMENTS FOR
MEDICAL DEVICES
numbers were presented according to the standard of the Institute of Safe Medication
Practices Canada (ISMP) as nurses in hospitals would usually see the numbers in this
format (ISMP, 2004).
3.2.4 Design
The experimental design was a within-participants, two group design (12 Participants
each). The independent variable was the start position of the cursor at initialisation of
the interface measured by left-cursor-start and right-cursor-start. The two dependent
variables were the number of total errors committed with special attention to out-by-ten
errors and the number of total errors committed which measured any deviation of the
entered value from the correct value.
An out-by-ten error, as defined by (Thimbleby & Cairns, 2010), is an error where
the intended number to be processed is out by the factor of ten. For example, if the
intended number is 90, ending up with 9 or less or ending up with 900 or more is an out-
by-ten error. Generally speaking, these kind of errors can be easily made by miskeying
a zero or a decimal point. In this experimental set-up however it is not possible to
miskey a decimal point as the 5-Key number-entry interface does not provide such an
option.
3.2.5 Materials
The instructions as well as an informed consent form were printed out for the partici-
pants to read and to sign. Additionally, there was also a brief demographic question-
naire which was also printed and given to the participants to fill out (see Appendix A.1.1
and A.1.2 respectively for the described documents). The computer used was an Apple
Macbook Pro with a 13” size display at a 1920 × 1440 resolution. The browser used
for the experiment was Google Chrome running under Apple Mac OSX 10.7 (Lion).
The interface ran in the browser, the browser window was maximised and the browser
controls were disabled from being shown so that only the interface area itself was vis-
ible. All other applications on the desktop were closed. Furthermore, the keyboard
of the notebook was prepared so that participants could use 5 keys to enter the given
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numbers. Stickers were put in place on the keys to make it easier for the participants
to associate the particular key. The following keys were labelled with stickers: W, A, S,
D, F. The key ‘W’ and was used to increase a number, ‘S’ and was used to decrease a
number, ‘A’ was used to move the cursor to the left, ‘D’ was used to move the cursor to
the right and the keys ‘F’ was used to save a number. Each number a participant had
to enter, whether it was for the training to get familiar with the controls or the main
study, was printed on the front of a paper card. In addition, each card had an unique
index printed on its back to be identifiable for the experimenter during the study. All
of the cards except those for the pilot were laminated to support a smooth procedure.
Figure 3.2: Study 1: Experimental set-up and interface
3.2.6 5-Key Number-Transcription Interface
The visual design of the 5-Key number entry interface was carefully created after the
original B.Braun infusion pump (see figure 3.2). For the purpose of this study all but
five buttons were removed from the image of the interface to avoid any possible un-
wanted effects on participants. The interface was implemented as a Java server page
(JSP) with a logging feature which recorded all user interactions with the virtual de-
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vice and wrote those interactions into a text file. The interface itself consisted of seven
components. A number display, a cursor, four control buttons and an OK button. The
cursor could be moved with the control keys to the left or to the right and the selected
numbers could be increased or decreased by pressing up and down keys. Moreover, the
current displayed number could be saved by pressing the OK -key. Saving a number
cleared and reset the display.
The display itself presented a 5-digit number with two digits after a separating
decimal point. Each time when the website was loaded for the first time, all the digit
positions were shown as underscores simulating the device start. As soon as any con-
trol key was pressed the display showed zeros instead of underscores for the individual
number position. Additionally, the logging started and recorded all interactions in a
text file. The data logged in the text file had the format of: milliseconds and name of
the text file, time-stamp, actual cursor position (activated and or changed), displayed
number (changed or saved), button pressed, cursor wrap status message. Figure 3.3
shows an example of a log file.
Figure 3.3: Study 1: Sample of a log file
For the purpose of this study a flag was implemented in the source code which
allowed to change the position of the cursor at initialisation of the interface. With this
feature it was possible to prepare the interface for the two-groups design (left-cursor-
start and right-cursor-start).
To avoid unwanted software bugs during the experiment and to exclude possible
data loss a thorough test was conducted on both software and hardware before the
study took place. This involved a test of all implemented design features i.e. Wrap
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and Dial. All key bindings were checked if the logging feature was working properly.
3.2.7 Procedure
The experiment was conducted in an empty office in the Computer Science building.
All participants were run in individual sessions, which were managed by personal invi-
tation. Each participant was first welcomed then given a copy of the informed consent
form and the instructions to read and to sign. Afterwards participants were asked to
become familiar with the use of the keyboard controls and the display of the interface.
For this purpose they were given a small set of 6 training numbers which were separated
from the main set of numbers for the experiment. The participants were asked to use
their index finger only as a way to introduce experimental control and to reduce varia-
tion. After a participant became familiar with how the 5-Key number-entry interface
worked, participants were then asked to enter the given numbers, each presented on
an individual and randomly ordered card, either in the left-cursor-start group or the
right-cursor-start group within three minutes as quickly and as accurately as possible.
Participants were carefully observed which number cards they transcribed. Moreover,
the index of the cards was carefully noted down to be able to identify any errors which
might occur during the experiment and to be able to detect what are the variance
that people offer in relation to the numbers they were asked to transcribe. In order to
introduce randomness and to avoid ordering effects with the numbers the set of cards
were shuﬄed at the start of each run. Participants were stopped if he or she could
not finish entering all the numbers within the given time limit. After the participant
completed the first task he or she was then told that there would be a small change in
the interface i.e. an opposite cursor-start position and that the reason for commenc-
ing with the second task was about identifying how this small change in the interface
design affects peoples ability to complete the task. Each participant was then again
asked to become familiar with the different design (opposite cursor-start position) and
to enter another six training numbers. Each participant then proceeded to the second
task to transcribe another 33 numbers in three minutes in the opposite condition. After
completing the number-transcription task each participant was then asked to fill out
the demographic questionnaire. The participants were then debriefed as to the goals
of the study. Finally, each participant was asked if there was anything they wanted to
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add about the study, their experience or any general comment. All the participants
received chocolate as a reward.
3.2.8 Pilot
A small pilot study was conducted to measure how many numbers a participant could
enter in the given time-frame of three minutes. There were three participants and all
of them were local research students in Computer Science. A small software issue was
resolved. The pilot showed that the original set-up of 33 given numbers and three
minutes to enter these numbers was almost too narrow. Participants almost man-
aged to enter all the numbers in time. However, it was decided to keep the amount
of 33 numbers for the participants to enter in both conditions (left-cursor-start and
right-cursor-start) with the intention to put some time pressure on them to enter as
many numbers as possible. Participants of the pilot were excluded from the main study.
3.2.9 Results
There were in total 518 numbers entered by participants. 284 were entered using the
left-cursor-start design and 234 were entered using the right-cursor-start design. This
resulted in 11 errors made in total by the participants. Five of the total errors were
made by using the left-cursor-start design and 6 errors in total were made by using the
right-cursor-start design.
The error presentation rate (number of errors divided by number of numbers en-
tered by the participant) was therefore 2% which is too low for traditional measures
of systematicity and too low for statistical testing (Abelson, 1995). In any case, the
number of errors seems to be comparable at this stage in data gathering.
Two of the five errors in the left-cursor-start condition and three of the six errors
in the right-cursor-start condition were out-by-ten errors. Notably, half of the partici-
pants (6 of the 12 participants) made at least one error suggesting that the self imposed
time pressure is actually effective in provoking errors across people. Additionally, two
participants entered a wrong number but noticed their mistake and entered the correct
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number again. These two numbers were not counted as errors. Moreover, three of
the out-by-ten errors (labelled with a ‘t’ (t = teutonic) in table 3.1) were made by a
German participant. This is interesting as it suggests a possible comma to decimal
point translation error. Table 3.1 illustrates what kind of errors were made in which
condition. The errors were classified according to Wiseman et al. (2011).
Classification Number shown Number entered
Wrong number entered 79.6 00000.00
Wrong digit entered 294.12 291.12
Missing digit 97.4 97.00 (occurred twice)
444.44 444.40
434.68 434.60
Out-by-ten error 27,955 279.55
250 25.00
15,325 15.32 (t)
2,000 2.00 (t)
13,750 13.75 (t)
Table 3.1: Study 1: Classification of discovered errors
All 6 of the participants who started with a left-cursor-start position entered the
numbers from left-to-right. This finding supports the view that the cursor start po-
sition (either left or right) is a cue for number entry strategy. However, only one of
the participants who started with a right-cursor-start position entered the number from
right-to-left. The other five participants spotted the Wrap function implemented in the
interface. Due to this feature they changed their strategy and moved the cursor from
the right-cursor-start position to the other side of the display to the left-cursor-start
position before entering each number. Additionally among these five participants who
changed their strategy there was one of them who also changed his or her strategy for
the following second condition. Meaning that he or she changed the strategy totally
opposite of both starting conditions. The specific participant was from China. This
is suggestive but not conclusive of a cultural aspect which could have had an influ-
ence on this result. Notably, one participant did not even remember that there was
a right-cursor-start position when the experiment was explained at the end of the study.
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Among the participants was one from a right-to-left writing country and one left-
handed person. Apparently, the behaviour of the participant from the right-to-left
writing country was the same as the behaviour of left-to-right writing participants.
Additionally, the behaviour of the left-handed participant was also the same as the
behaviour of the right-handed participants.
3.2.10 Discussion
The alternative hypothesis (H1) for this experiment was that there should be a signif-
icant difference in the number of errors using the left-cursor-start design than using a
right-cursor-start design while having design features such as wrap, dial and block errors
present. There seems to be no difference in this small sample of left-cursor-start and
right-cursor-start conditions. However, this experiment is limited by the unexpectedly
low presentation rate of errors. Despite a large quantitative amount of number being
entered the presentation rate was well below what is typically considered systematicity
of 5% (Abelson, 1995).
This suggests that there is need for an improved experimental design. A design
which would have a bigger sample size of participants and a design that would also
have more numbers entered by participants so that the desired discernibility can be
achieved.
However, interestingly half of the participants made at least one error. This sug-
gests that even this simple task of entering numbers on a keyboard has the possibility
of making errors at this low presentation rate. This suggests that a large number of
people who use such devices are susceptible to making errors.
Aside from the main hypothesis, the data gathered is rich. One interesting discovery
made were cues for strategy that people use to enter numbers. It seems indicative but
not conclusive that people when they see the right-cursor-start position have a prefer-
ence to use the Wrap to swap to the opposite start position. Additionally, the result
also indicates that left-cursor-start does seem to match with the strategy people use to
enter numbers from left-to-right. The collected data seem to point in the direction that
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participants do intend or prefer to keep their strategy for the left-cursor-start position.
However if people start with a right-cursor-start position they continue entering the
number from right-to-left unless they realise the Wrap feature then they proceed with
the Wrap.
Future experiments should be designed without this feature as this would have
forced participants to use either the left-start or the right-start condition. This may
have presented a more clear view on the results.
An interesting aspect is that in the design of infusion pumps it is not possible to
get such results as they are either designed in left- or right-cursor-start position. This
might further suggest if people use a right-cursor-start device they work primarily from
the right-to-left unless they can use a cursor Wrap feature.
There are also possible cultural differences which may be normal writing style but
maybe have an influence on the results due to the use of commas and full-stops in
numbers. No apparent difference of right-to-left writing countries as opposed to left-to-
right writing countries has been detected. Though there was only one participant from
a right-to-left writing country, which may suggest that in future studies this aspect
needs to be taken into consideration.
In addition, the given time pressure was probably not enough on its own to provoke
errors and future experiments need to be designed to further provoke errors as this ex-
perimental design was not particular troublesome for participants to make errors. By
designing a task with additional high cognitive load as illustrated in Wiseman et al.
(2011) would result in a higher error presentation rate. Additionally, if the small num-
ber of participants can be increased to get a larger sample (for example 40 participants)
the low error presentation rate would then be acceptable.
Furthermore, a between-subjects design will be considered for future experiments.
In which case participants could go for a longer particular task to increase the amount
of numbers entered but only in one condition and avoid possible fatigue effects.
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Today many medical devices in hospitals such as B.Braun infusion pumps have a
touch screen or a semi-touch screen control interface (Braun, 2012). Although, origi-
nally aimed to provide participants with a touch screen interaction experience. Devel-
oping the 5-Key interface for use on a Apple iPad was not possible due to the limited
knowledge of Objective-C and the short time-frame to conduct the study at that point
in time. Although, it was considered to use several open-source software packages1
which would allow to run JavaScript, CSS and PHP as native application on the iPad
none of them were able support Mac OSX 10.7 (Lion) and Xcode 4.3 at that time.
However, for future experiments it was considered using such software to be able to
provide a touch screen interaction for participants. Additionally, the use of an iPad to
access the interface with the iPad browser was considered but a test run showed that,
although the browser window was maximised and browser controls were set to non-
visible, the interaction with the interface was very difficult. Apple’s gesture support of
the device made it impossible for someone under time pressure to enter numbers with-
out accidentally zooming in, misplacing the view of the interface or simply changing
the interface page to another web page.
As a result of the detected experimental design issues and the low error presentation
rate this study is regarded as a trial in context of the following studies. It was the initial
study to measure the effect of specific design features on medial device interfaces. The
following experiment will address these issues by for example increasing the numbers
participants enter for the study to at least the amount of 1000. Two percent error rate
in relation to 1000 numbers would be 20 numbers. This amount would be indicative
and it might be possible to start seeing patterns and this would allow statistical tests
for significance.
Study One has revealed many interesting aspects in number transcription tasks but
it has also shown that there is a need to collect further data. As a consequence an
additional experiment was run to follow-up. Study Two built on results of Study One
and focused on a 5-Key interface design to further investigate previous claims made by
(Cauchi et al., 2012) but used an improved experimental design.
1Phonegap http://www.phonegap.com and Appcelerator Titanium http://www.appcelerator.com
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The rich data gained from the first experiment was indicative but not conclusive as no
statistical analysis could be performed. Therefore, Study Two implemented changes
in the experimental design. Most significantly the Wrap feature was removed as it
counteracted the efforts to clearly see what strategies people use when transcribing
numbers. Additionally, the design was changed to a between-participants design to
allow people in the separate conditions to enter more numbers and to avoid fatigue
effects. The amount of numbers to be transcribed and the time to finish the task was
also adjusted to: 40 numbers in 4 minutes.
3.3.1 Aims & Hypothesis
The aims of this experiment have not changed since the first study. This second ex-
periment’s aim is also to explore the effects of the design features proposed by (Cauchi
et al., 2012) particularly if a left-cursor-start design for a 5-Key interface let people
commit less errors than a right-cursor-start design. For this reason the hypotheses for
this study were identical to Study One:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : Errors in the left-cursor-start positions will be significantly lower than
in the right-cursor-start position. Therefore a left-cursor-start design would
present a better design in the efforts to reduce number-entry errors.
In this context the strategy that people use to enter numbers will also be studied as
this may be one reason why errors in the left-cursor-start condition are fewer than er-
rors in the right-cursor-start condition depending on people’s preferences on how they
enter the numbers.
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3.3.2 Participants
There were 40 participants (14 women). Participants were between 21 and 35 years
old and were mostly students in the department of Computer Science except three
employees of different companies. Additionally, participants came from a variety of
countries such as Japan, UK, China, Malaysia, Latvia, Portugal, Brazil, Singapore,
Bulgaria, India, Germany, Costa Rica, France, Poland and Italy. Only two of the par-
ticipants were left-handed all others were right-handed. All of the participants came
from left-to-right writing countries. It should be noted that participants from China
and Japan were one would assume that these might be right-to-left writing countries
however people still write numbers from left to right from these counties. None of the
participants had previous experience of working in the healthcare sector nor used or
seen a B.Braun infusion pump before. Each participant was rewarded with chocolate
for his or her participation in the study. All participants were randomly assigned to
the specific groups.
3.3.3 Number-Transcription Task
The tasks set to participants was in principle identical to the first study as only the
amount of numbers participants had to transcribe and the time frame they had avail-
able was adjusted in respect to previous results of Study One. Participants were asked
to enter as many numbers out of a list of 40 in 4 minutes. The source and the presen-
tation of the numbers used was the same as in Study One.
3.3.4 Design
The design was a between-participants, two groups design (20 participants each). One
group used a left-cursor-start design and the second one used a right-cursor-start de-
sign. There were again two dependent variables: out-by-ten errors and any other errors
detected. The independent variable was the start position of the cursor at initialisation
of the interface as indicated above.
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3.3.5 Materials & Number-Entry Interface
The instructions as well as an informed consent document were printed out on paper
for the participants to read and sign (see Appendix A.2.1). Additionally, there was
also a brief demographic questionnaire which was also given to the participants after
finishing the task (see Appendix A.2.2).
The computer system as well as the prepared hardware was identical to the first
study. The interface itself was also no different from the first study with the exception
that the Wrap function was removed. This means that the block errors would now
block participants from moving the cursor from the far left to the far right of the dis-
play and vice versa by pressing one key only. However, the intention to do this action
would still be recorded in the log files. The Dial design feature was still present as in
the first experiment.
Each number a participant had to enter, whether it was for the training to get
familiar with the controls or the main study, was again printed on the front of a paper
card. In addition, each card had an unique index on its back to make it identifiable
for the later analysis. There were again two versions of the interface used in the study.
One where the cursor-start position of the interface was on the left another one where
the cursor-start position was on the right.
3.3.6 Procedure
All participants were run in individual sessions in the same room as Study One to avoid
any environmental effects. Each participant was first welcomed then given a copy of
the informed consent form and the instructions to read and to sign. Afterwards they
were asked to become familiar with the use of the keyboard controls and the display
of the interface. For this purpose they were given a small set of 6 training numbers
which were separate from the main number set of the experiment. The participants
were again asked only to use their index finger to enter the numbers. After a partic-
ipant became familiar with how the 5-Key number entry interface worked he or she
was then asked to proceed to the main study. Participants were then asked to enter
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the given 40 numbers either in the left-cursor-start group or right-cursor-start group
within 4 minutes as quickly and as accurately as possible. The participants were care-
fully observed which number on which card they transcribed. Moreover, the index of
the cards was carefully noted down to be able to identify any errors which might occur
during the experiment. Participants were made aware of the remaining time after two
minutes. This was done to further increase the pressure on the participants and to
increase errors. Participants were stopped if he or she could not finish transcribing all
the numbers within the given time limit. Each participant was afterwards asked to fill
out a small demographic questionnaire. The participants were then debriefed as to the
goals of the study. Finally, each participant was asked if there is anything they wanted
to add about the study, their experience or any general comment. Each participant
received chocolate as a reward similar to Study One.
3.3.7 Pilot
A pilot study was conducted to measure how many numbers a participant could enter
in the extended time-frame of 4 Minutes. There were two participants both of them
research students in Computer Science at the University of York. The same effect as
in Study One was detected in terms of the amount of numbers participants had to
transcribe. It was decided to keep this design as it proposed an ideal set-up.
3.3.8 Results
The study had originally 40 participants but one participant was excluded from the
statistical analysis as the person made 21 errors out of 26 entered numbers and those
were systematically wrong in the same way. It can be argued that this person did not
understand the interface.
There were in total 1331 numbers entered by 39 participants. 669 numbers were
entered by the using the left-cursor-start design and 662 numbers by using the right-
cursor-start design. The mean of the numbers entered in the left-cursor start group was
35.2 (SD = 3.4) whereas in the right-cursor start group 33.1 (SD = 3.9). A two-tailed
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Mann-Whitney W test revealed that there was at most a marginal effect in terms of
total numbers entered, W = 256; p = 0.06 (see figure 3.4).
Figure 3.4: Study 2: Boxplot of total numbers entered in each condition
This resulted in 38 errors made in total by the participants. 16 of the total errors
were made by using the left-cursor-start design and 22 errors in total were made by
using the right-cursor-start design (see figure 3.5). The mean of the numbers entered
in the left-cursor start group was 0.84 (SD = 0.76) whereas in the right-cursor start
group 1.1 (SD = 0.9).
The error presentation rate in this study was 2.9%, which is low but persistent in
light of the previous study. In order to get a more accurate measure of a possible differ-
ence in the groups the error-rate was also tested for significance. The mean of the error
rate in the left-cursor start group was 0.02 (SD = 0.02) whereas in the right-cursor
start group 0.03 (SD = 0.03).As errors are not normal distributed a non-parametric
Mann-Whitney test was conducted on the total number of errors made in both con-
ditions with the result of p = 0.4;W = 136.5 which showed no significant difference
between the two designs (see figure 3.6).
Notably, 69% of the participants (27 of 39 people) made at least one error suggest-
ing that the self-imposed time pressure is actually effective in provoking errors across
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Figure 3.5: Study 2: Boxplot of total errors made in each condition
Figure 3.6: Study 2: Boxplot of the error-rate per condition
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people. Additionally, three participants entered a wrong number but noticed their
mistake and entered the correct number again. These numbers were not counted as
errors. Moreover, three of the out-by-ten errors (labelled with a ‘c’ in table 3.5) were
made by participants who came from a country where a comma is used as decimal point.
Further to out-by-ten errors, all errors were considered. Table 3.2 illustrates what
kind of errors were detected and classified according to Wiseman et al. (2011). Twelve
other errors were made on the left design and 16 other errors were recorded on the right
design. The classification indicated with a ‘*’ matches with the taxonomy of Wiseman
et al. (2011). The label ‘L’ indicated the left-cursor-start design and label ‘R’ indicated
a right-cursor-start design. Additionally, ‘x2’ indicates that the error occurred twice.
All but two of the participants used a number-entry strategy that depended only on
the cursor-start position. The other two participants used a right-cursor-start design
and started entering numbers from right-to-left then changed their strategy by moving
the cursor to the left and entering the rest of the number from left-to-right. This find-
ing supports the view that the cursor-start position is a cue for number entry strategy.
As previously mentioned in Study One, an interesting aspect is that in the design of
infusion pumps it is not possible to get such results as they are either designed in left or
right cursor-start position. This might further suggest if people use a left-cursor-start
device they work primarily from left-to-right.
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Classification Number shown Number entered Position
*Out-by-ten errors: 27,955 2795.50 R
1111.11 11111.11 R
0.06 0.60 L
99.9 0.99 R
99.9 9.90 R
2497.5 249.75 R
27,955 00279.55 (c) R
1017.67 10710.67 (c) L
4166.67 41660.67 (c) L
13750 1375.00 L
*Early termination: 3.03 0.03 R
962.79 002.79 R
*Transposition error: 294.40 294.04 R
*Wrong digit entered: 757.58 755.58 L
434.48 434.68 (x2) R
434.48 434.28 L
434.48 432.28 R
20.67 20.57 L
2497.5 2497.4 L
714.29 713.29 L
27,955 29,955 L
757.58 757.68 L
2497.5 2497.1 R
500 600 R
0.08 0.09 R
*Extra digit: 99.9 99.99 R
*Missing digit: 962.79 962.00 R
555.56 555.50 R
20.67 20.00 L
294.12 294.00 L
892.86 892.80 (x2) R
294.12 294.10 L
1071.67 1071.00 L
3.03 3.00 L
0.49 0.40 L
294.12 294.10 L
Table 3.2: Study 2: List of errors found
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3.3.9 Discussion
The alternative hypothesis (H1) for this experiment was that there is a significant dif-
ference in the number of errors made using the left-cursor-start design than using a
right-cursor-start design with a particular view on out-by-ten errors. There seems to
be no difference in this small sample of left-cursor-start and right-cursor-start condi-
tions. However, this experiment is also limited by the unexpectedly low presentation
rate of errors. Despite a large amount of numbers being entered the presentation rate
was again well below what is typically considered systematicity, namely 5%.
This suggests that the applied changes to provoke more errors did not work suffi-
ciently. Perhaps, a secondary task which increases cognitive load and a further increase
of the amount of numbers which participants need to enter would be an appropriate
next step so that the desired discernibility can be achieved.
However, notably 69% of the participants (27 people) made at least one error. This
suggests that even this simple task of entering numbers on a keyboard has the possibil-
ity of making errors at this low presentation rate. This suggests that similar to Study
One, a large number of people who use such devices are susceptible to making errors.
However, the given time pressure was probably still not enough on its own to provoke
further errors.
Aside from the null hypothesis, which could not be rejected, the data gathered is
again rich. One interesting discovery made is that the out-by-ten errors might indicate
that participants do not know how to position the numbers in relation to the decimal
point. This could be specific due to the display. Additionally, at first the list of missing
digits suggested that all of them were caused by participants using the left-cursor-start
design. If true that would show that people stopped entering numbers at some point.
However, as table 3.2 shows there are also missing digit errors which are related to the
right-cursor-start design.
Additionally, the results also indicates that the cursor position does seem to match
with the strategy people use to enter numbers from left-to-right or from right-to-left.
67
3. FEATURE DRIVEN STUDIES ON DESIGN ELEMENTS FOR
MEDICAL DEVICES
The collected data seem to point in the direction that participants do intend or prefer
to keep their strategy for both conditions however if people start with a right-cursor-
start position they may change entering the number from left to right this is indicative
but not conclusive. This is reflected in terms of the numbers people entered as it ap-
pears that they were slowing down when using a right-cursor start design (although
not significantly). This would match with previous results as people’s strategy to enter
numbers might come in play and account for the time difference. Moreover, this can
also be seen in the number of missed inputs i.e. the numbers participants were not
able to enter in time. In the left cursor-start 91 numbers were missed from 760 possible
numbers and in the right-cursor 138 were missed out of 800 possible ones. That is
roughly 5 missed numbers in the left and 7 missed numbers in the right condition.
Although this study could not detect a significant difference between the cursor-
start designs and their effect on reducing errors many interesting discoveries have been
revealed. Thimbleby and Cairns (2010) already pointed out that number entry seems
at first a trivial task but still people make errors frequently. This study has shown that
69% of the people participating in this experiment made at least one error while enter-
ing numbers in a 5-Key number entry interface for a medical device. The start position
of the cursor design feature examined in this study is just one out of many. However,
it is clearly not conclusively demonstrated so there is need to conduct further research
just simply on where the cursor starts. Additionally, Cauchi et al. (2012) suggested
a variety of design features for number entry devices clearly favouring further studies
in this field. In conclusion, reducing errors in interactions with interfaces such as the
one used on the B.Braun infusion pump indeed depict a fruitful and important area of
research. Even a low error rate as shown in Study One and Study Two translated into
real world operations still depicts severe safety risks for domains where accuracy is of
great importance. Yet the two studies presented in this Chapter were not clearly able
to conclusively evaluate previous work in the field. In fact the studies show there is
clearly a need to empirically explore and collect further evidence for the effect of these
design features in future experiments.
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3.4 Experiment 3
This experiment has been designed to further examine how users interact with a 5-Key
interface, in particular, what kind of errors people make while using such an interface.
Cauchi et al. (2012) made predictions about the design features in their work, which
Study One and Study Two (the studies included many of the same features) evaluated.
The results reflect some of the behaviours they predict but there are differences in
behaviour that were not seen. It could be that what Cauchi et al. (2012) predict is
indeed a smaller effect than what they expected. Another reason why Study One and
Two were unable to conclusively confirm their results could be the interface layout.
For example, the arrangement of the keys in the above mentioned studies was disad-
vantageous as a keyboard but not a real device nor an identical touch screen was used.
It could also be that the environment is responsible where one would see such errors
more clearly. In many cases people who work in healthcare or aviation (nurses, pilots)
are influenced by the environment in which they operate. A situation that is best de-
scribed by a review of the Air Inter Flight 148 incident. People can be confronted with
an increased task-load (as did the Captain of Air Inter 148 once he realised that he
had to manually land the aircraft) or distracted (for example the Co-Pilot refocusing
the attention of the Captain in a critical moment that could have saved them from
disaster) during transcription tasks leading them to, for example, interleave the task
and subsequently increase the number of errors (Back et al., 2012).
For this reason, the following experiment was conducted and included measures
to (i) increase the error-rate, (ii) align the interface properly and (iii) provide a more
closely related touch-based interaction.
3.4.1 Aims & Hypothesis
This Study has the aim to investigate if indeed the effect that Cauchi et al. (2012)
propose is a smaller effect than expected. For this reason, a secondary task with the
sole purpose to increase the number of errors is introduced - a technique that is com-
monly used when studying workload effects (Paas, Tuovinen, Tabbers, & Van Gerven,
2003; Wu & Li, 2013). This secondary task is done in two levels (grade of difficulty
69
3. FEATURE DRIVEN STUDIES ON DESIGN ELEMENTS FOR
MEDICAL DEVICES
Low and High). Apart from the secondary task Study Three evaluated the same ma-
nipulations i.e. the cursor-start positions as the previous studies. This resulted in four
experimental conditions (Left-Low, Left-High, Right-Low and Right-High) leading to
the following hypotheses:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : Errors in the left-cursor-start positions will be significantly lower than in the
right-cursor-start positions. Therefore a left-cursor-start design is better than
a right-cursor-start design in reducing errors as proposed by Cauchi et al. (2012).
H2 : The secondary task will be responsible for a significant increase of the
errors made in both audio conditions High and Low.
In this context the strategy that people use to enter numbers will also be studied as
this may be one reason why there are fewer left-cursor-start errors than right-cursor-
start errors depending on peoples’ preferences how they enter the numbers.
3.4.2 Participants
Forty participants (10 women) took part in this study (10 per condition). The mean
age of all the participants was 23.95 with a SD of 3.69. All but four participants
were students of the University of York. None of the participants was familiar with
an infusion pump and only 11 stated that they were familiar with a 5-Key interface.
All participants had normal hearing and vision and none of them stated that they had
never used an iPad or touch based device before. Interestingly, 17 participants stated
that they spoke the numbers on their mind while entering them into the tool (five in
Left-Low, four in Right-Low, five in Right-High and nine in Left-High). Participants
were again randomly assigned to the specific groups.
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3.4.3 Number-Transcription Task
The task in terms of transcribing numbers was the same as in Study One and Study
Two. The experiment also included a dual task for participants to complete at the same
time. The primary task set for participants was to enter as many numbers out of a list
of 60 in a limited time-frame of six minutes. These numbers were again obtained from
logs of syringe pumps (Wiseman, 2011) and presented according to the ISMP standard.
The secondary task set for participants was to listen to an audio track while entering
the numbers at the same time. The audio track had two levels Low and High. In the
Low level participants were asked to listen to letters and count the appearance of the
letter ‘A’. In the High level participants were asked to listen to the same audio track
but instead count the number of all appearing vowels (A,E,I,O,U). The letters appeared
in an interval of 1.2 seconds. Table 3.3 presents an overview of the total number of
appearances of a vowel in both audio streams (Low and High). Overall there were 650
letters in the audio track (109 vowels and 541 other letters from the alphabet). The
order of the letters was randomised so that no pattern of could be identified.
Letter Number of occurrence
A 20
E 15
I 12
O 30
U 32
Total 109
Table 3.3: Study 3: Frequencies of appearing letters
The secondary task was included in this study solely as means to increase the rate
of appearing errors by increasing the mental workload of participants through an audi-
tory stimuli. This workload was manipulated by setting the difficulty of the audio task
from Low to High.
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3.4.4 Design
The experiment had a four-condition between-subjects design. Each condition had 10
participants. The conditions were Left-Low, Right-Low, Right-High and Left-High.
This experiment had two independent variables. One was the start position of the
cursor at initialisation of the interface (either a left-cursor-start or a right-cursor-start
position) and the difficulty of the audio condition (Low and High).
Left-Low
Participants were told to transcribe all the numbers into the interface as fast as possible
using a left-cursor-start position. In the secondary task, in which they had to perform
at the same time, participants had to listen to an audio track and count the number of
appearances of the letter ‘A’.
Left-High
Participants were told to transcribe all the numbers into the interface as fast as possible
using a left-cursor-start position. In the secondary task, in which they had to perform
at the same time, participants had to listen to an audio track and count the number of
appearances of any vowel.
Right-Low
Participants were told to transcribe all the numbers into the interface as fast as possible
using a right-cursor-start position. In the secondary task, in which they had to perform
at the same time, participants had to listen to an audio track and count the number of
appearances of the letter ‘A’.
Right-High
Participants were told to transcribe all the numbers into the interface as fast as possible
using a right-cursor-start position. In the secondary task, in which they had to perform
at the same time, participants had to listen to an audio track and count the number of
appearances of any vowel.
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There were five dependent variables which were measured in this Study: The total
number of errors, the total numbers entered, the total error-rate, the number of com-
pleted audio task (Low) and the number of the completed audio task (High).
To avoid familiarity effects with the numbers the set of cards was shuﬄed each time
at the start of a run to introduce randomness in the order of numbers.
3.4.5 Materials & Number-Entry Interface
An informed consent document containing instructions were printed out on paper for
the participants to read and to sign (see Appendix A.3.1 & A.3.2) before the study.
Additionally, there was also a brief demographic on-line questionnaire which was also
given to the participants after finishing the task (see Appendix A.3.3).
Each participant was given 60 laminated cards containing a number which they
would have to transcribe into the interface. These laminated number cards had a refer-
ence number on their back so that they could be identified. The reference numbers of
the laminated cards were noted down and the time was recorded by using a smart-phone.
An Apple iPad Mini 2nd generation running iOS 8.2 was used for the study (as
shown in figure 3.7). Additionally, a Macbook Pro 2015 (MacOSX 10.10.3) was used
to manage the audio stream.
The audio file used for this study was created with MS Word and Apple’s natural
Samantha voice package. The file listed a single letter per line and could be read by
the computer voice via an activation hot-key. A Macbook Pro 2015 (MacOSX 10.10.3)
was used to manage the audio stream.
Apart from previous studies this experiment used an implementation of the B.Braun
Infusomat Space interface on the iPad Mini 2nd generation (retina display). The im-
plementation was done in Xcode 6 and the source code can be found at the autor’s
website (http://cs.york.ac.uk/~feynman).
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Figure 3.7: Study 3: Experimental Setup - (left-cursor-start)
The visual design of the 5-Key number-entry interface consisted as in the previ-
ous experiments of seven components (number display, cursor, four control buttons
and the OK button). Pressing the OK-key would save the current number into a text
log file and store it on the iPad. The files were later transferred for the analysis. The
interaction behaviour of the iPad version was identical to the previous keyboard version.
The log files were identically structured as in Study One & Study Two. There were
also two versions of the interface used in the study. One where the cursor-start position
of the interface was on the far left another one where the cursor-start position was on
the far right of the display.
3.4.6 Procedure
The experiment was conducted in a controlled office environment in either the depart-
ment of computer science or at the Morell Library in York. Every participant was
run in an individual session and participants were invited to take part in the study by
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personal invitation. Every participant was welcomed and given a copy of the informed
consent form and the instructions to read and sign. After a participant had signed the
form they were asked to become familiar with the use of the iPad and the display of
the interface. For this purpose they were given a small set of three training numbers
which were separate from the main number set of the experiment. The numbers were
presented as laminated cards which have the number to be entered at the front and
an index displayed at the back to keep track of the order of the entered numbers. All
numbers printed on the cards were again displayed in the ISMP standard. The partic-
ipants were asked only to use their index finger to enter the numbers. Depending in
the audio condition a participant was in, they had to perform the trials while listening
to the audio track and count the number of A’s or vowels. For this they were asked to
wear headphones during the experiment. After the training runs the participant was
then asked to proceed to the main study. Participants were asked to enter as many
numbers as possible out of a list of 60 numbers either in the Left-Low, Left-High, Right-
Low or Right-High group within six minutes as quickly and as accurately as possible.
The experimenter started the audio track via hot-key on the Macbook. Participants
were carefully observed on which number they entered. The index of the cards was
then noted down to be able to identify any errors which might occur during the exper-
iment. The experimenter stopped the participant if he or she could not finish entering
all the numbers within the given time limit. After finishing the number entry task,
participants were asked to fill out a small demographic questionnaire where they had
to state the number of correctly remembered A’s or vowels. The correct answer would
have been either 20 A’s or 109 vowels. The participants were then debriefed as to the
goals of the study. At the end, each participant was asked if there is anything they
want to tell the experimenter about the study, their experience or any general comment.
3.4.7 Study Pilots
The study was piloted which revealed no major issues. The two pilot participants (ex-
cluded from the main study) confirmed that the number range of 60 numbers in six
minutes was a fitting choice and that the set-up of the audio streams was was working
accordingly.
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Additionally, a pilot of the secondary task was performed with three additional
participants (also excluded from the main study). All three participants were asked
to first count the appearance of A’s and then the appearance of the vowels. In terms
of A’s participants performed well (19, 20, 20) and but in terms of the vowels perfor-
mance varied (100, 80, 126). However, the task set-up reflected the difficulty levels and
therefore it was decided to take them forward into the main study.
3.4.8 Results
The data collected in this Study was analysed using a (2 X 2 ) Analysis of Variance
(ANOVA), as there is no well established test for non-parametric data in this context.
Main effects where they are seen in the ANOVA are confirmed with a non-parametric
Mann-Whitney test. An alpha level of .05 was used for all statistical tests. Addition-
ally, the Adjusted Rank Transformation (ART) test by Sawilowsky (1990) was used to
investigate non-parametric interaction effects. Effect-sizes (partial eta-squared η2p are
stated in the relevant sections.
Overall, there were in total 1214 numbers entered by participants. 361 numbers
were entered in the Left-Low condition, 293 were entered in the Left-High condition,
295 in the Right-Low condition and 265 numbers were entered in the Right-High condi-
tion. Table 3.4 shows the relevant descriptives in relation to the total numbers entered
in each condition.
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Cursor-Start
Left Right Row Mean
Audio
Low 36.1 (10.96) 29.5 (6.52) 32.8 (9.41)
High 29.3 (10.19) 26.5 (8.98) 27.9 (9.47)
Column Mean 32.7 (10.88) 28.0 (7.81)
Table 3.4: Study 3: Descriptives: Mean (SD) for the total number entered
In regards to the total numbers entered, there was no main effect of the Cursor-
Start, F (1, 36) = 2.54; p = 0.12, η2p = 0.07. There was also no main effect for Audio
F (1, 36) = 2.76; p = 0.11, η2p = 0.07 and also no interaction effect (Cursor-Start X
Audio) F (1, 36) = 0.42; p = 0.52, η2p = 0.01 (see figure 3.8).
Figure 3.8: Study 3: Boxplot of total numbers entered by each participant in each
condition.
There were 27 overall errors made in this study which relates to an error-rate of
2.25%. Overall 12 errors were made in the High conditions, 15 in the Low conditions,
12 in the left-cursor-start positions and 14 in the right-cursor-start positions. The
detailed error frequencies are: 5 errors in Right-Low, 10 errors in Left-Low, 3 errors in
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Left-High and 9 errors in Right-High. Table 3.5 shows the descriptives for the errors
made in this study by conditions.
Cursor-Start
Left Right Row Mean
Audio
Low 1.0 (1.15) 0.5 (0.53) 0.8 (0.91)
High 0.3 (0.48) 0.9 (1.19) 0.6 (0.94)
Column Mean 0.7 (0.93) 0.7 (0.92)
Table 3.5: Study 3: Descriptives: Mean (SD) for the total errors made
In terms of total errors made, there was no main effect of the Cursor-Start, F (1, 36) =
0.03; p = 0.86, η2p = 0.01. There was also no main effect for Audio F (1, 36) = 0.28; p =
0.60, η2p = 0.01 but a marginal interaction effect (Cursor-Start X Audio) F (1, 36) =
3.69; p = 0.06, η2p = 0.10 (see figure 3.9). The marginal effect was however not con-
firmed by the ART p = 0.23.
Figure 3.9: Study 3: Boxplot of total errors made by each participant in each condition.
Twenty-one participants made no errors during the entire study. Four participants
made no errors in the Left-Low condition, five participants made no errors in the Right-
Low and Right-High condition and seven participants made no errors in the Left-High
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condition (49% of all people made at least one error). The highest error-count was
recorded in Left-Low and Right-High (3 errors in both conditions). As in the previous
studies out-by-ten errors were of particular interest. Yet, as table 3.6 shows there were
very few of these.
Classification Number
shown
Number en-
tered
Condition
Wrong number 0.02 00000.00 left-high
68 89 left-low
Out-by-ten 27,955 27.95 left-low
8,333 8.33 left-low
13,750 13.75 left-low
27,955 279.00 right-low
0.49 49.00 right-high
Extra digit 303.03 3303.03 right-high
250 250.03 right-low
Disposition 77.60 77.06 right-high
Early termination 222.22 222.00 left-low
806.73 806.00 left-low
0.49 0.40 right-low
977.78 977.00 right-high
1071.67 1071.00 right-high
608.13 608.00 left-high
Wrong Digit 608.13 606.13 left-low
2497.50 2498.50 left-low
4166.67 4166.69 left-low
30 20 left-low
20.67 20.66 right-high
291.12 299.12 right-high
608.13 608.12 right-high
79.60 79.90 left-high
27 28 left-high
249.4 249.9 left-high
Table 3.6: Study 3: Classification of discovered errors
In regards to the error-rate, there was no main effect of the Cursor-Start, F (1, 36) =
0.46; p = 0.50, η2p = 0.01. There was also no main effect for Audio F (1, 36) = 0.02; p =
0.90, η2p < 0.01 but again a (at most) marginal interaction effect (Cursor-Start X Au-
dio) F (1, 36) = 2.95; p = 0.09, η2p = 0.08 (see figure 3.10). Again this was tested with
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the non-parametric ART and revealed no significance level p = 0.36. Table 3.7 shows
the descriptives of the total error-rate.
Cursor-Start
Left Right Row Mean
Audio
Low 0.03 (0.05) 0.02 (0.02) 0.03 (0.03)
High 0.01 (0.02) 0.04 (0.06) 0.03 (0.05)
Column Mean 0.02 (0.04) 0.03 (0.05)
Table 3.7: Study 3: Descriptives: Mean (SD) for the total error-rate
Figure 3.10: Study 3: Boxplot of total error rate by each participant in each condition.
By looking at the dependent variables regarding the audio conditions (Low and
High) it was noted that only two participants managed to count the correct number
of A’s in the low conditions one in Right-Low and another one in Left-Low but about
nine more got very close and stated a range between 16-22. None of the participants in
the high conditions was able to tell the correct number of vowels and only one came in
a close rage. The worst count was made by a participant in the Right-High condition
(287 vowels), however this participant did not make any number-entry errors. A table
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listing the secondary data can be seen in Appendix A.3.4
Additionally, in terms of strategies people used to enter the numbers it was noted
that all participants in the left-cursor-start conditions entered the numbers from the
left to the right but 13 of the 20 people in the right-cursor-start positions moved the
cursor first to the left and then entered the numbers from left to right (nine participants
in Right-High and four in the Right-Low condition).
3.4.9 Discussion
The results of Study Three showed no significant difference of the total numbers en-
tered, total errors made or the error-rate in terms of the cursor-start manipulation. It
was expected that participants would make significantly fewer errors in the left-cursor-
start positions rather than in the right-cursor-start conditions which was not the case.
Moreover, there was also no significant difference in terms of the secondary tasks on
task-load High and Low. Therefore the null hypothesis (H0) could not be rejected.
In terms of total numbers, people entered more numbers in the left-cursor-start
than in the right-cursor-start designs but not significantly more. A possible reason for
fewer numbers in the right design could be because a lot of people (13) entered the
numbers from the left to the right meaning they first moved the cursor over to the
other position and therefore lost valuable time to enter more numbers. This suggests
that entering the numbers from left to right was slightly easier for participants. A
fact that is reflected in terms of cues for strategy that people use to enter numbers.
The data showed that when participants see the right-cursor-start position they have
a preference to move the cursor first to the left and enter the numbers from the left
to the right because it is not very hard to do. This is a really interesting behavioural
pattern that is reflected in previous studies One and Two.
Despite a large quantitative amount of numbers being entered the error presenta-
tion rate was again well below a systematicity of 5%. The low error presentation rate
in relation to studies One and Two speaks for a certain robustness of the 5-Key design.
Additionally, half of the participants made at least one error indicating that the task
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of entering numbers via touch-screen (iPad) has the possibility of making errors at this
low presentation rate. This also suggests that a large number of people who use such
devices are susceptible to making errors.
In terms of total errors made, no significance could be detected. However, there
was at first a marginal interaction effect but this effect resulted from a parametric test
and could not be confirmed by the more accurate non-parametric ART test. Moreover,
as there are slight variations across the total number of numbers entered, the error-rate
would be a more accurate measure. Yet again in terms of error-rate no main effect for
cursor-start or task-load could be detected. However, as with the total errors made
there was (at most) a marginal interaction effect though the ART could also not con-
firm this result. Although not significant, more errors were made in the left conditions
than in the right conditions which adds to the argument that previous results proposed
by Cauchi et al. (2012) are not coming through. It is interesting that the majority of
what is considered to be the most severe errors (out-by-ten) were made in the left-low
condition (3 out of 5) which is surprising but indicative. Table 3.6 shows the different
errors that were made during the experiment classified according to Wiseman et al.
(2011). Early termination errors and wrong digit errors occur across conditions indi-
cating possible encoding errors perhaps due to the interference of the counting task.
Errors which indicate a possible motor-movement error (transposition errors) only oc-
curred in such little quantity that interpretation is again highly speculative.
No effects were seen In terms of task-load (Low & High). People in the High con-
ditions enter fewer numbers than people in the Low conditions although this was not
significant. Maybe the secondary task is interfering with their ability to enter numbers.
During the dual-task participants are entering a similar amount of numbers indicating
not a huge difference but this is perhaps somewhat interfering with their ability to just
get on with the task indicating a small but not significant effect. This is indicated
by looking at figure 3.8. In view of the errors, people made more errors in the Low
conditions than in the High conditions which was not expected although again not
significant. It may be that the secondary task is interfering in the Low condition but
was perhaps too strong in the High condition. A lot of people (9) in the Low condition
came very close in the counting task. This supports the argument that people engage
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with the secondary task and therefore made more errors in the Low condition. The
High condition was perhaps too difficult in combination with the primary task and par-
ticipants were less engaged in this condition. Although the secondary task can be seen
as simple counting task it can be assumed that the students were not heavily trained
and therefore experienced higher cognitive load which may have contributed to an even
higher load in the High condition.
By looking at all the studies presented in this Chapter, people made very few errors
(as before in Study One and Two) even with an extra task they made very few errors
in the 5-Key interface. Firstly, that suggests that the 5-Key design is really robust in
terms of errors. Secondly, the rate of occurrence of the errors is far too small. There
may be some effect but it is all too small to see. Regardless what Cauchi et al. (2012)
said the actual incidence of errors are small and really hard to pick up. There may be
some effects and these effects maybe due to different strategies of number-entry with
the different device interface but on the whole it is not clear. It looks as if there is a
real dominance on one strategy over the other but in many practical situations it is
far too small to make a difference. The errors occur in very small numbers which is
problematic to have confidence in.
3.5 Overall Discussion & Conclusions
Cauchi et al. (2012), claimed that specific design features, if enabled, can lead to
a significantly lower error-rate when using a 5-Key number-entry interface. In their
work, they discovered a constant effect of different design aspects for 5-Key interfaces
by introducing their competitive formal analysis method. For example, they claim that
a 5-Key interface, which enables block error, seems less sensitive to errors than an
interface, which does not enable this feature. Moreover, the starting position of the
cursor seems to play a very important error-reducing role. According to Cauchi et al.
(2012), across all the different combinations of features that they present, whenever a
left-cursor-start design is contrasted to a right-cursor-start a difference in the error-
rate can be seen. In other words fewer errors in the left-cursor-start would result in
significantly fewer errors in a 5-Key interface. No such difference could be found in the
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studies presented here.
In detail, Cauchi et al. (2012) discovered some discrepancies in their analysis which
lead them to realise that small changes in features can have a substantial effect. They
then isolated these features (and combinations of features). As a conclusion Cauchi
et al. (2012) recommended to evaluate the discrepancies via empirical experimentation
and this is exactly what this Chapter aimed to do. Chapter Three aims to provide
empirical evidence for and against their analysis. The experiments presented here use
exactly what Cauchi et al. (2012), said in their analysis would have an effect yet no
such evidence could be found. A summary of the studies is presented in table 3.8.
Study One was the first attempt and was therefore seen as a trial study to inves-
tigate findings by Cauchi et al. (2012) in this thesis. It was a within-participants
design and had 12 participants in total. The manipulation was the cursor-start po-
sition (either left or right). There was no evidence of a significant difference between
the conditions as in this case the study lacked sufficient error data for statistical testing.
Study Two had the same set-up but 40 participants and a between-participants
design. However, again no evidence for a significant difference between the cursor-start
positions was found. This raised questions about the claims of previous researchers.
However, what was seen in both studies was a very low error presentation rate of 2%
and 2.9% respectively. It was decided to further investigate the evaluated design fea-
tures by taking into account measures to increase the errors people make.
Study Three had the same participant size and set-up as Study Two apart from
taking into account a secondary task as further measure to increase the error-rate.
A procedure widely used in error studies and studies which investigate cognitive load
(Paas et al., 2003; Wu & Li, 2013). While the results of this study showed an indica-
tion for the secondary task having an effect no significant difference in the amount of
errors could be detected in the evaluated design features. This raised doubts of previous
claims by Cauchi et al. (2012) on this issue. On the whole, even with an extra task,
people made very few errors in these interfaces. A fact that supports findings from
other researchers in the field (Oladimeji, Thimbleby, & Cox, 2011) and further speaks
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for a certain robustness of 5-Key designs.
Additionally, there were some further differences but also similarities in contrast to
their work. For example, Cauchi et al. (2012) suggest entering numbers on the left-
cursor-start would lead to confusion when entering the numbers but Study One, Two
and Three found no evidence for that. On the contrary the results showed that people
in the left condition always entered numbers from left to right (only in one or two cases
from right to the left). However, Cauchi et al. (2012) mentioned that people would
use wraparounds when they are present a claim that could indeed be supported by the
findings from Study One. While the studies in this chapter were unable to confirm
Cauchi et al.’s proposed effects of specific design features on errors interesting features
about people’s strategies to enter numbers could be detected. This is also considered
a very important finding. People are strategic and tend to change strategy when faced
with 5-Key interfaces for interesting reasons e.g. less workload.
The analysis by Cauchi et al. (2012) seems somewhat appropriate however, it seems
not representative enough. Meaning it appears not to be an optimal analytical model
as they claim specific design features are beneficial in terms of error reduction and the
studies presented in this work found no evidence to support this claim. Cauchi et al.
(2012) state some facts about the items that people were about to see when imple-
menting such features in 5-Key interfaces and some of these items do appear as above
mentioned. To some degree Cauchi et al. (2012) seem to be on the right track. The
way they are thinking about a device seems to be correct and some behaviours they
expect are correct (people would use a wraparound - which in fact they did). They
explained that people starting from the left got more confused but they did not. If the
analytic work from Cauchi et al. (2012) was really strong then it should be possible to
see the effect playing through in actual designs which did not happen in all the studies
presented in this chapter. In fact, the studies revealed that other factors of interaction
e.g. user strategy may be an important aspect, which the more keystroke level analysis
by Cauchi et al. (2012) could not take into account.
In view of future studies based on previous work by Cauchi et al. (2012) it is im-
portant to keep in mind that the design features presented in their work are very much
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ad-hoc i.e. not systematic. This means that the features were taken without particular
reason other than trying to find an optimal combination to improve the safety of 5-Key
interfaces and there could be other design features which have not been invented yet.
The question about whether their whole analytic technique is correct makes it difficult
to find a principled way forward. It is not clear that by further investigating their
results would yield in any substantial contribution. It cannot be conclusively said that
the analytic approach by Cauchi et al. (2012) is correct or not. It is potentially valu-
able but at this stage unproven as the studies presented here were unable to confirm
their results in actual interfaces. In general, this suggests that these analytic tech-
niques are of value but it is important to really understand the use of the device. A
fact that the analysis presented by Cauchi et al. (2012) did not account for at this stage.
In terms of the evaluated interface itself, it is just too hard to see any significant ef-
fect of anything evaluated that can safely and confidently be attributed to the difference
in the device interface due to the robustness of the 5-Key design. This is considered an
important finding as the presented studies weigh a great number of numbers against
a small number of errors. However, this also means that further studies on design
features as presented by Cauchi et al. (2012) would be difficult to get empirical access
to. Although Study Three included a secondary task to increase the error-rate this was
not successful. Because of this reason it was decided to move away from 5-Key designs
for future studies to a calculator-based interface which is widely used (cash machine,
phone, calculator) but is less restricted in interaction and error potential (Oladimeji
et al., 2011).
This Chapter presented three studies which investigated how design features can
influence the amount of errors that people make with interfaces used on devices in
safety-critical domains. Although the 5-Key interface studies could not detect a sig-
nificant difference between the cursor-start designs and their effect on reducing errors,
many interesting discoveries have been revealed. Thimbleby and Cairns (2010) already
pointed out that number entry seems at first a trivial task, however, people still make
errors frequently. The studies presented here have shown that 50% (Study One), 69%
(Study Two) and 50% (Study Three) of the participants made at least one error while
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entering numbers. This showed that although the experiments are designed to investi-
gate an isolated transcription task these simple experiments were an adequate research
method to investigate errors. With a minimum of 50% of people in all the studies
making at least one mistake in a laboratory study gives a grim indication on real-world
transcription errors. Additionally, the error presentation rate in all presented studies
is generally low (2%, 2.9% and 2.3% as discovered) when entering numbers in medical
devices, but that does not make it less important to mitigate these errors to avoid
adverse consequences. The low error presentation rate is further evidence for specific
characteristics of these kind of studies. While details such as where the cursor position
starts in 5-Key interfaces seem irrelevant to errors, contextual details however seem
more important.
The key findings of Chapter Three are:
• A low but persistent error-presentation rate in all the presented studies
could be detected
• No effect of a left-cursor-start compared to a right-cursor-start design on
errors in 5-Key interfaces was seen
• It was seen that people prefer strategies to enter-numbers in a 5-Key in-
terface
• The analysis by Cauchi et al. (2012) did not account for the strategies
people use when entering numbers in a 5-Key interface
• The 5-Key interface appears to be really robust in terms of errors
87
3. FEATURE DRIVEN STUDIES ON DESIGN ELEMENTS FOR
MEDICAL DEVICES
T
a
b
le
3
.8
:
S
tu
d
ies
1
-
3
:
S
u
m
m
a
ry
o
f
fi
n
d
in
gs
88
Chapter 4
Studies to investigate the DOV
effect in Number-Transcription
Tasks
“Man is still the most extraordinary computer of all.”
John Fitzgerald Kennedy
The previous studies were motivated by Cauchi et al. (2012), Oladimeji et al.
(2011) and their analyses. Their work and the three previous studies in Chapter Three
can be seen as utilising design features for number-entry interfaces on a functional level.
Investigating interface design features and their potential to influence the errors com-
mitted in transcription tasks is very likely leading to an endless thread of experiments.
Cauchi et al. (2012) themselves essentially proposed almost thirty different variations
of design choices for 5-Key interfaces. All of which present considerable potential to
be further researched.
It was therefore decided to step back from the near functional level and to con-
sider what theoretical ideas could be used to reduce number transcription errors. It
was at that stage when the results from Diemand-Yauman et al. (2011) (DOV effect)
in relation to the work of Kahneman (2008) were discovered by further reviewing the
literature (Kahneman, 2011). The DOV effect presents a theoretical approach with
the potential to influence a feature in the context of the task of number transcription.
The goal of this Chapter is to discuss the experiments investigating the relevance of the
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DOV effect to the reduction of number-entry errors in the context of transcription tasks.
This chapter presents five studies (Study Four - Study Eight) all centred around
core aspects (if the effect can be stimulated and detected) of the DOV effect. The
first study (i.e. Study Four) used a text-transcription game as a research instrument
to investigate the effects of cognitive driven design features on reducing errors. Results
showed that introducing DOV style disfluency in the task led to fewer errors being
made and therefore higher accuracy. This is partially in line with previous work by
Diemand-Yauman et al. (2011). The next study (Study Five) was designed to apply the
novel method used in text-transcription tasks to number-transcription task. This first
attempt in number-entry produced a non-significant result, which could be attributed
to environmental effects. Consequently, Study Six addressed the previous issues and
could detect a highly significant effect on reducing errors once the new cognitive driven
design features were present. This meant that the confirmed DOV effect is not limited
to either one domain: text- or number-transcription but instead there is a strong indi-
cation that it has general relevance.
It was assumed but not confirmed that the DOV effect is a source-related effect
and not a target-related effect in this interactive context. Study Five and Study Six
did not explicitly distinguish between a source or target effect and therefore introduced
disfluency in both the source and the target display. Although Study Four did not
obscure the target area (i.e. text-input area) the DOV effect was seen, which is indica-
tive for a source related effect as the study did not explicitly consider this independent
variable. The promising results of Study Four and Six were then followed by Study
Seven, to measure which part, the perception of the information at the source or at
the target display, were responsible for the DOV effect to manifest itself. However,
Study Seven failed to detect the DOV effect because participants showed measurable
fatigue effects in the within-participants design. Study Eight took this into account by
repeating the same experiment in a between-participants set-up and was able to detect
the DOV effect. Furthermore, the study revealed that indeed it appears that the source
is responsible for the effect. These results add to previous work of Diemand-Yauman
et al. (2011).
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4.1 Experiment 4 - TypoMadness
The following study was designed as a first attempt to look into the DOV effect in tran-
scription tasks. Number-transcription experiments, as the previous studies in Chapter
Three confirm, generally produce a very low error presentation rate (usually around 5%
or lower). If the DOV effect has an effect on reducing errors it is necessary to see this
effect in a system with lots of errors. This is the reason why a text-transcription study
was chosen for this first approach simply to have a greater opportunity for a larger
amount of errors to be presented and therefore to be able to detect the DOV effect.
4.1.1 Aims & Hypothesis
This study was designed as a test of principle to see if the DOV effect would manifest
itself in the context of transcription tasks (in this case a text-transcription task). The
study used the text-transcription game TypoMadness as research instrument where
participants had to read short sentences and re-enter them into the system. The to-be-
transcribed sentences were represented in two distinct font colours: black (Hex code:
#000000) and light-grey (Hex code: #DFDFDF). The condition with the black font
presentation is defined as Clear and the condition with uses the light-grey font presen-
tation is defined as Obscured. The particular colour code for the disfluent i.e. Obscured
condition was chosen after the similar font in (Diemand-Yauman et al., 2011). Al-
though Diemand-Yauman et al. (2011) did not specify a certain colour code as they
only stated a “60% grey-scale” font-colour (p.2) the colour code used in Study Four
comes very close to the one used in previous work. The transcribed sentences were
then checked for mistakes, which produced the score. The score was measured as how
many correct characters were entered by the participant. A higher number of correctly
transcribed characters led to a higher score. The hypotheses for this experiment were:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : There will be significantly fewer errors in the Obscured condition than in
the Clear condition resulting in the manifestation of the DOV effect.
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4.1.2 Participants
Twenty participants (11 women) took part in the study and were randomly recruited by
email as well as personal invitation. The participants were between 19 and 35 (mean
27.15; SD 8.52) years old. Participants were mostly students in the department of
Computer Science at the University of York except one post-doctoral researcher and a
maintenance worker. The following countries were represented by participants: Japan,
Portugal, Indonesia, Thailand, Malaysia, China, UK, Canada, India, Netherlands and
Russia. Nine participants stated that the task was difficult. However, only four of
these nine people were part of the Obscured group. Moreover, these four participants
further stated other reasons such as being unable to use the backspace-key than the
visibility of the given text as the reason why they felt the task was difficult. None of
the participants indicated that they had dyslexia or any other disability. Additionally,
all of the participants stated that they had normal or corrected to normal vision and
only two participants (one from each group) stated that the text presented to them
was less readable. All participants were rewarded with chocolate after the study.
4.1.3 Text-Transcription Task
The task set to participants was framed as a game where they had to enter as many
sentences as accurately and as quickly as possible within 15 minutes. Each sentence
had between 95 and 161 characters and was displayed in either Clear or Obscured for-
mat. Twenty-six sentences were available in total for the study, which were displayed
individually on a page while participants progressed through the game. In addition,
the sentences were not connected in prose or any other form, so participants could not
have predicted them. The sentences were randomly chosen from news and boulevard
press websites such as theguardian.co.uk or cnn.com and can be found in Appendix
B.1.3.
4.1.4 Design
The design was a between-subjects design with ten people in each group. The inde-
pendent variable was the visual representation of the to-be-transcribed text and there
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were two conditions: Clear and Obscured (see figure 4.1).
The dependent variable for this study was the score but also the number of sentences
and the number of characters entered that participants could achieve when playing the
game. The score is the accumulated sum of correctly entered characters in each task
reduced by errors. An error in this study is anything that is not identical to the target
text. For instance, this could be an additional space, upper or lower case difference,
wrong or missing letters or generally any sign different from the displayed text. It
should be noted that where an error arose due to inserting an extra character, this did
not cause all subsequent characters to be classed as erroneous. To measure character
differences (minimal edit distance) a version of the Levenshtein algorithm was imple-
mented followed by manual checks of the datasets (Levenshtein, 1966). The set of 26
text phrases was counterbalanced across the study to avoid ordering effects.
Figure 4.1: Study 4: To-be-transcribed content in the Clear (upper) and Obscured (lower)
condition
4.1.5 Materials
The text-transcription game TypoMadness was played on a Apple Macbook Pro with
a UK English keyboard layout and a 13” size display at a 1280 × 800 resolution. The
browser used for the experiment was Google Chrome running under Apple Mac OSX
10.7.5 (Lion). The game website ran in the browser, the browser window was max-
imised and controls were disabled from being shown so that only the game itself was
visible. All other applications were closed. Participants could submit their entered text
and proceed to the next text paragraph by clicking on the red button on each page of
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the game.
In addition to the game website described in section 4.1.6, the instructions as well
as an informed consent document were printed out on paper for the participants to
read and sign before the beginning of the study (see Appendix B.1.1). Furthermore,
there was also a brief demographic questionnaire which was also printed and given to
the participants to complete after the trial (see Appendix B.1.2). The demographic
questionnaire was used to specify the participants but was not further used in the fol-
lowing analysis. A smart-phone was used as a stopwatch.
4.1.6 TypoMadness - Game Design
The game used for this study was implemented as a website in PHP with JavaScript.
The website was connected to a MySQL database allowing the entered text phrases to
be stored in the database for each participant. The displayed score was calculated out
of the matching characters of each submitted text phrase. Each score for individual
text phrases was stored in the database and displayed via cookies on the game website.
The game website consisted of a display area in the centre of the page where the text
paragraphs were displayed, a text box for typing the text and a red button to submit
the entered text and continue with the next task.
The backspace button and the cursor keys were disabled in the text field so that
participants could not change their entered content. All transcribed sentences, no mat-
ter what they would be, were saved in the database after a participant pressed the red
button. The entered sentences were saved as a string in the database and compared to
the original text to produce the score.
There were two versions of the game website used in the study. One for the Clear
group where the to-be-transcribed text was presented as fluent content and another
one for the Obscured group where disfluency was introduced in the presented content.
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Figure 4.2: Study 4: TypoMadness interface in the Obscured condition
4.1.7 Procedure
After reading the instructions and signing the informed consent form, participants
completed two training sentences, which were separate from the main sentence set of
the experiment. Each of the target text a participant had to transcribe, whether it was
for the training to get familiar with the controls or the main study, was displayed in a
text box at the centre of the individual website. After the participants finished entering
the training session at their own pace a new start page was displayed only containing
a start button. On completion of the training period, the participant proceeded to the
main study by clicking on the start button. Participants could see their score (in form
of a character count as seen in figure 4.2) displayed on the right side of the text field.
The target text was presented either Clear or Obscured depending on the condition.
Participants were instructed to transcribe the target text as quickly and as accurately
as possible. In order to get the highest possible score, all tasks had to be completed
within 15 minutes though participants were not shown how long they had been playing.
The experimental design in form of a game made it necessary to put participants under
some form of time-pressure. This was also done as another means of increasing the
error rate besides choosing a text game for an increased error data pool. Each time
the participant pressed the red button, their score was updated though there was no
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direct indication of any errors. If they completed the task within the 15 minutes, the
final pages displayed the overall score. A smart-phone was used to stop participants
at the end of the given time limit. Participants were offered a break after finishing
the transcription task before they were asked to fill out a demographic questionnaire.
The participants were then debriefed as to the goals of the study and rewarded with
chocolate.
4.1.8 Pilot
A small pilot study was conducted to measure how many sentences a participant could
enter in the given time-frame of three minutes. There were two participants, both of
them research students in Computer Science at the University of York. The pilot showed
that the initial set-up of 26 given sentences and three minutes to enter these sentences
was too narrow. Neither of the participants could manage to transcribe all the text
phrases in time. Additionally, the length of the text-phrases (originally 220 characters)
was too long as participants struggled with entering lots of phrases in the given time-
frame. It was therefore decided to keep the amount of 26 sentences for the participants
to enter in both groups (Clear and Obscured) but to increase the available time-frame
from three to fifteen minutes. Moreover, it was also noted that the initial five training
sentences were too many and would rather contribute to participants showing fatigue
effects. Therefore the number of training phrases was reduced to only two sentences.
Additionally, some syntax mistakes were detected and removed during the pilot study
as well as the auto-fill option of the browser had to be disabled for the text fields as it
had a highly confounding effect on the performance of the participants.
4.1.9 Results
It was hypothesised in this study (H1) that the DOV - effect would manifest itself in
the context of an interactive text-transcription task. The mean of the errors made in
the Clear group was 830.1 (SD = 516.3) whereas in the Obscured group was 360.4
(SD = 127.0) (see figure 4.3).
A Mann-Whitney-W (two-tailed) test was conducted, as error data does not gen-
erally follow a normal distribution, which revealed a significant difference between the
two groups (W = 23, p = 0.04). Though the hypothesis could be seen as a directional
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Figure 4.3: Study 4: Boxplot of total errors made by all participants in each condition
hypothesis, a more acceptable two-tailed test was chosen to avoid the controversies
around one-tailed testing (Abelson, 1995). This move resulted in a higher threshold
for significance and therefore would provide a higher level of confidence in the data.
The maximum number of sentences each group could transcribe was 260 (33,450
characters). Group Clear entered in total 25,269 (77%) characters correctly while as the
Obscured group entered 30,356 (91%) of the characters correctly. The total amount
of text transcribed by the Clear group was 230 sentences and 242 sentences in the
Obscured group. Group Obscured made 14% less errors than group Clear. A table
containing the total achieved scores and transcribed sentences can be seen in Appendix
B.1.4.
In terms of speed of completing the task (see figure 4.4), the mean rate for tran-
scribing the sentences for the Clear group was 1.69 sentences per minute (SD = 0.45)
and for the Obscured condition 2.02 sentences per minute (SD = 0.49). There was no
significant difference in the rate of entering sentences (W = 26, p = 0.07).
Moreover, the participants in the Clear group transcribed a mean of 23.1 (SD =
2.99) sentences and the in Obscured group 25.0 (SD = 1.634). A boxplot illustrates the
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Figure 4.4: Study 4: Boxplot of the rate of typing (sentences per minute) of participants
in each condition
sentences entered by group (see figure 4.5). There was no significant difference between
the number of sentences participants completed (W = 32, p = 0.15).
Figure 4.5: Study 4: Boxplot of the number of sentences entered by each participant in
each condition
Four participants from the Clear group and seven participants from the Obscured
group managed to transcribe all the twenty-six given text phrases and finished ahead
of time. This leaves six participants from the Clear and three from the Obscured group
who could not finish in time and therefore used the full fifteen minutes.
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4.1.10 Discussion
This study was designed to be the first attempt to measure if people who are tran-
scribing text in an obscured and disfluent (i.e. harder to read) way apply more deeper
cognitive processes to transcribe text and therefore commit fewer errors. The pres-
ence of the DOV effect could be detected and as predicted, the results showed that
participants in the Obscured group achieved higher accuracy scores (i.e. committed
significantly fewer errors) than those in the Clear group. Participants seem to perform
better in transcribing text when they were given disfluent, less readable text.
One possible explanation for this reduction in errors could be a speed accuracy
trade-off. However there was no significant difference between the two conditions in
either the rate of transcribing sentences or the total number of sentences transcribed
by each group. Indeed, the participants in the Obscured group, if anything, entered
more sentences, working at a faster rate suggesting that the introduced disfluency (i.e.
reduced readability) of the font was not slowing the participants down. Nonetheless,
they made fewer errors than the Clear group.
The manipulation applied in the experiment is identical to that of Diemand-Yauman
et al. (2011) who suggest that introduced disfluency would stimulate a more active and
deeper processing of the information. This can result in an increase of the likelihood
of accurately memorising the information (Diemand-Yauman et al., 2011). Moreover,
the manipulation used in this study only consisted of representing the to-be-transcribed
information in a harder to read font-colour but not also in a different font-type as in
Diemand-Yauman et al. (2011), which indicates a more robust outcome.
In view of future studies, an improved experimental design would suggest to use
sentences, which are all of the same length to avoid possible control confounds. Addi-
tionally, further studies would benefit from only inviting people who have expert typing
skills as individual speed might vary and would introduce noise and distortions in the
data. However, the DOV effect could be detected despite possible variations in typing
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speed.
Some participants mentioned that they had difficulties and were not quite com-
fortable with using the Apple Macbook Pro keyboard as they did not own an Apple
computer before. The keyboard layout was an UK layout however the feeling is differ-
ent from a standalone keyboard. A standard Personal Computer (PC) keyboard may
be a better approach in terms of the experimental design to avoid any confounding
effects for a further text-transcription study. Still, considering this issue an effect in
reduced committed errors could be detected.
Grey text can be more legible than black text under specific circumstances, de-
pending on the level of contrast with its background and the overall level of luminance.
Some types of dyslexia respond well to contrast reduction for improving readability.
However, there were no dyslexic participants (at least not that they were aware of) in
the reported study. Additionally, prior experience in data-entry work of participants
or even any prior knowledge of the material might have influenced their performance
in the given task; therefore a more careful selection of participants for future studies
needs to be considered.
In review of this Study being the first attempt to apply the theoretical concepts
behind the DOV, the results presented here were overwhelmingly positive which greatly
inspired the following number transcription studies.
4.2 Experiment 5 - The first Application in Number-Entry
Having had the very promising results from the initial text-transcription study (Study
Four), which suggest that perceiving information presented in a illegible and disfluent
state could lead to a reduction in the amount of errors that people make when tran-
scribing such a content, has lead to Study Five with the intention to transfer the results
from text- to number-transcription tasks.
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The following number-transcription study was being run as a practical session in
the undergraduate first year module, Human Aspects of Computer Science (HACS),
at the University of York. The idea was to provide the students with the opportunity
to get experience of running participants through a study. The study was conducted
during practical classes with the students working in pairs with one person acting as
the experimenter and the other person as the participant. The study and all its ma-
terial was designed and prepared by Frank Soboczenski. Students were instructed at
the beginning of the module but ran the experiment autonomously on each other. The
role of the author in this experiment was:
(i) to produce all the material for the study; this included the informed consent and
instructions (see Appendix B.2.1) form, the demographic questionnaire (see Appendix
B.2.2) and the experimental tool (programming of the interface)
(ii) to inform the students about the experimental procedure
(iii) to inform the students about the lager purpose of this study i.e. the use of the
data in future publications
All the participants gave their consent by signing the form in Appendix B.2.1. Sec-
tion 5 of the form informed participants of the future use of the data.
The departmental module HACS is designed to teach students how the different
areas science, engineering and design are relevant in computer science. Students de-
velop basic skills in experimental methods, rationalise the use of user-centred design
on ethical, social and legal grounds and explain aspects of software engineering though
the view of user-centred design methods. As part of the module students participate
and conduct a series of experiments which they will also learn to statistically analyse
and interpret. At the end of the module, students will be able to critique experimen-
tal methods used in computer science and human-computer interaction in particular,
devise and conduct experiments with users using best practice, including concern for
the ethical conduct of experiments, select, perform and interpret basic statistical tests,
justify the use of user-centred design on ethical, social and legal grounds and apply
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user-centred design methods to the design of a system (Cairns & Cox, 2008).
This scheme results in a mutual benefit for students and the lecturer or assist-
ing PhD students. The students are able to engage ethically in designing, running,
analysing and interpreting experiments whereas the lecturer or PhD student benefit of
using the data generated from the student’s experiments for their research. However,
all the studies were conducted by following the strict ethics outline presented on the
Ethics page at the beginning of this thesis.
4.2.1 Aims & Hypothesis
The aim of this study was to transfer the results from the previous text-transcription
study to the domain of number-transcription to investigate if the DOV effect can also
be measured in this domain. The task and the hypothesis were directly transferred
from text- to number-transcription for this experiment. The hypotheses for this study
were therefore:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : There will be a significant difference in the number of errors made between
the conditions Clear & Obscured resulting in the manifestation of the DOV effect.
4.2.2 Participants
The participants for this experiment were 53 first year undergraduates (4 women). The
age of the participants was between 17 and 19 (mean 18.43; SD 1.18) years. Only
one of the participants had previous experience of working in the healthcare sector.
Fourteen of the participants stated that they never used a number-pad to enter num-
bers. However participants were mostly familiar with a serial number-entry interface as
used in the study (only two people stated “No” in the questionnaire). All participants
voluntarily took part in the experiment as part of the Human Aspects of Computer
Science module. As in previous experiments the participants were randomly assigned
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to the specific groups.
4.2.3 Number-Transcription Task
The task set to participants was also framed as a transcription game to enter as many
numbers as quickly and as accurately as possible in a Serial i.e. calculator-based in-
terface. Participants had a given time-frame of maximum five minutes. Compared to
the previous experiment a five-minute limit was chosen for this study as the pilot study
showed that participants could transcribe content that consists of numbers consider-
ably faster than text. The numbers were randomly generated in a range from 1-999.99.
About 25% of the random numbers have no decimals the others vary between one and
two decimal digits.
4.2.4 Design
A between-subjects design was used for this experiment. Identical to the previous study
there were two groups Clear and Obscured. However, different colour codes were used
for the conditions as to the previous one. In light of the previous results it was highly
expected that the DOV effect would manifest itself in number-entry. Therefore, as
Diemand-Yauman et al. (2011) did not use or recommend a specific colour range but
rather chose ad-hoc to use grey scale as base colour, this experiment takes this one
step further in an attempt to extend the likely generalisability by simplifying original
manipulations. Simplification in terms of only having one manipulation to make the
information harder to read but also hoping to improve the generalisability. Should
this experiment be successful then one interpretation would be that only fading the
to-be transcribed information alone might be enough to produce the DOV effect. A
different background colour for the Obscured condition was chosen with the aim to
further increase deeper cognitive processes and therefore make the DOV effect more
prominent (see figure 4.6). The colour used for the Clear condition was blue (HEX-
code: #5882FA) on white background and for the Obscured condition was the same
blue font-colour but on slightly brighter blue background (#4E7DFF).
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The dependent variables were the total number of uncorrected errors made, partic-
ularly the rate of errors and also the number of corrected errors in each group. A single
error was counted when any number was entered other than the displayed number.
Further, a corrected error is an error where participants noticed that they made an er-
ror and entered the number again. These errors were not added to the total number of
errors. As previously, error type is not considered in the analysis. Note: the Obscured
condition in the following figure 4.6 may be difficult to see due to the quality of the
print. Please consult the digital copy of this thesis.
Figure 4.6: Study 5: Number to be entered in both conditions Clear and Obscured
4.2.5 Materials
In addition to the number-transcription game described in section 4.2.6, an instructions
and an informed consent document (see Appendix B.2.1) as well as a demographic ques-
tionnaire (see Appendix B.2.2) were printed out on paper for the participants to read
and to sign. The computers used were Microsoft Windows Lab PCs with a 17” size
display at a 1920× 1080 resolution. The browser used for the experiment was Mozilla
Firefox 10 running under Microsoft Windows 7. The number-transcription game ran
just like its predecessor (TypoMadness) in the browser. The browser window was also
maximised and controls were disabled from being shown so that only the game itself
was visible. All other applications on the individual machine were closed. Furthermore,
each keyboard was prepared so that participants could only use the number-pad to en-
ter numbers. The following keys were labelled: 0,1,2,3,4,5,6,7,8,9,.,Enter,+. Stickers
with the label clear were put in place on the + key to make it easier for the partici-
pants to associate the particular function. A smart-phone was also used for this study
to measure the time.
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4.2.6 Number-Transcription Game - Interface
The visual design of the Serial i.e. calculator-based number-transcription interface was
created after real world infusion pumps such as the Baxter ©AS40A or the Graseby
®3400 syringe pump (see figure 4.7). The real devices use an identical number-pad
layout except for the “Submit” or “Cancel” button. For the purpose of this study only
the number pad of the infusion pumps with an Enter and a Clear key was replicated
all other buttons of the original interface design were removed from the interface as
they could have a possible unwanted effect on participants.
Figure 4.7: Study 5: Infusion pump models Baxter and Graseby
The number-transcription game was implemented similar to the previous text-
transcription game in PHP and JavaScript with a logging feature, which recorded
all user interactions with the virtual device and wrote all interactions into a MySQL
database. The interface provided thirteen functional buttons usable by the keyboard-
only interaction (see figure 4.8). The display itself consisted of 16 components. Three
number displays (number to be entered (source display), score and the number input
field), Enter and Clear buttons and 0-9 number buttons including the decimal key.
By pressing the Enter key the current displayed number was saved and at the same
time the input display was cleared and a new number in the source field was randomly
generated and presented. The display itself provided participants to enter a 3-digit
number with two digits after a separating decimal point (5 digits in total) as previously
gathered numbers from infusion pump logs confirmed the validity of this number range
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(Wiseman et al., 2011).
There were two versions of the interface used in the study. One where the num-
ber to be entered was displayed with a normal font-colour (blue on white background)
(group Clear) and one where the number to be entered was displayed in a hard to read
blue on blue background in group Obscured. Each number a participant had to enter,
whether it was for the training to get familiar with the controls or the main study, was
randomly generated in the game and displayed in the left upper corner of the interface
as in figure 4.8.
Figure 4.8: Study 5: Number-Transcription interface in the Clear condition
The reason for choosing a Serial interface instead of a 5-Key or Chevron interface is
again anchored in the low error presentation rate in the previous studies. As previous
work, in addition to the studies presented in Chapter Three, showed 5-Key number-
entry interfaces are more robust in comparison with Serial interfaces (Oladimeji et al.,
2011, 2012). This can be explained in light of the input mechanic that people have to
follow when entering numbers. For example, an open keypad does offer more room for
errors, in particular slip errors, whereas the interaction with a 5-Key layout is more
restricted to the cursor movements. It is still possible to commit the same kind of
errors but at a lower rate therefore choosing a serial layout to investigate the DOV in
this context was simply the logical decision to make.
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4.2.7 Procedure
The experiment was conducted as a Human Aspects of Computer Science (HACS) prac-
tical, which took place in one of the computer labs at the University of York. Students
were asked to pair up into groups. Each group consisted of one experimenter and one
participant. The practical was designed so that students can experience both roles:
being a participant and an experimenter during a study. There were two experiments
for the practical sessions. One focussed on immersion in games and the other was this
experiment. Both students in each group were assigned with running and participating
in one experiment. For example one student would be experimenter for the number-
transcription study and then after the experiment was finished switch role and become
the participant for the immersion study. Students received clear instructions on what
to do for both studies. This included a detailed instruction sheet for the experimenter
of the number-transcription study as this was designed to mostly run on-line.
Each participant of each group was welcomed by the experimenter and given a copy
of the informed consent form and the instructions to read and sign. After a participant
had signed the form they were asked to go to the game website (www.cs.york.ac.uk/
numbers) and to login in with their given user name and password (see figure 4.9).
The login details were provided in the instructions. After a participant logged into the
system they were asked to become familiar with the use of the keyboard controls and
the display of the interface. For this purpose they were asked to run ten training trials,
which were separate from the main experiment. The participants were asked only to
use their index finger to enter the numbers. After a participant became familiar with
how the Serial number-entry interface worked he or she was then asked to proceed to
the main study. Participants were then asked to enter the given numbers either in the
Clear group or Obscured group within five minutes. The experimenter stopped the
participant after the given time-frame. After finishing the number-transcription task,
the experimenter offered each participant a small break. Each participant was then
asked to fill out a small demographic questionnaire. Participants were then debriefed
as a class to the goals of the study. Finally, each participant was asked if there was
anything they wanted to tell the experimenter about the study, their experience or any
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general comment.
Figure 4.9: Study 5: Experiment website
4.2.8 Pilot
A small pilot study was conducted to test the experimental design and to measure
how many numbers a participant could enter in the given time-frame of five minutes.
There were two participants who were not students of the University of York. The pilot
showed minor design flaws in the developed tool. For example, instructions had to be
included for students to disable the browser auto-fill function. This was done to avoid
confounding effects when entering numbers. No other changes were made.
4.2.9 Results
In total 4235 numbers were entered for all conditions, which resulted in 202 total er-
rors (4.7%) and 381 corrected errors. 2223 numbers were entered in group Clear (117
errors) and 2012 in group Obscured (85 errors), respectively. The mean of the numbers
entered in the Clear group was 85.5 (SD = 18.1) whereas in the Obscured group 74.52
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(SD = 14.03). A two-tailed Mann-Whitney-W test revealed that there was a signifi-
cant difference in the total numbers entered between the groups (W = 496, p = 0.01)
(see figure 4.10).
Figure 4.10: Study 5: Boxplot of total numbers entered by all participants in each
condition.
There was no significant difference between the errors made in the two groups
(W = 356, p = 0.94) (see figure 4.11). The mean of the errors made in the Clear group
was 4.5 (SD = 6.17) whereas in the Obscured group 3.15 (SD = 2.27) (Outliers did
not have an effect).
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Figure 4.11: Study 5: Boxplot of total errors made by all participants in each condition.
The mean of the error-rate (errors divided by numbers) in the Clear group was
0.05 (SD = 0.06) whereas the mean in the Obscured group was 0.04 (SD = 0.03).
The Mann-Whitney-W test revealed no significant difference in terms of the error rate
between the groups (W = 238, p = 0.69) (see figure 4.12).
There was also no significant difference in the number of corrections in the con-
ditions (W = 301, p = 0.37). Additionally, the mean of the corrections in the Clear
group was 6.15 (SD = 5.58) and in the Obscured group 8.17 (SD = 9.36).
Forty-eight participants made at least one error when transcribing numbers (93%).
Only four people made no errors. Three people in the Clear group and one person in
the Obscured group.
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Figure 4.12: Study 5: Boxplot of the error rate made by all participants in each condition.
Figure 4.13: Study 5: Boxplot of total corrections made by each participant in each
group.
111
4. STUDIES TO INVESTIGATE THE DOV EFFECT IN
NUMBER-TRANSCRIPTION TASKS
4.2.10 Discussion
The alternative hypothesis (H1) could not be accepted for this study as there was no
significant difference between the groups Clear and Obscured in the rate of errors people
make when transcribing numbers. Moreover, there was also no significant difference in
the amount of corrected errors between the groups. This speaks against the possibility
of provoking the DOV effect based on the construct of System 2 in transcription tasks
(Kahneman, 2008). On the other hand, the reason for a rejection could be that the
experimental design was not optimal for this study. In this Study there were 53 people
participating at the same time and this subsequently led to a considerable amount of
people interacting with each other. Although it could be argued that in real-world
transcription tasks such as in hospitals, people are often distracted and influenced by
noise, therefore this could be seen as in principle similar to running an experiment in
an undergraduate module which does have a certain noise factor of distractions. Effects
such as attentional failure (see Chapter Two Section 2.2.4) might come into play. It
is also known that distractions lead people to interleave the task which can lead to an
increase in errors (Back et al., 2012). Conducting the experiment in a separate en-
vironment certainly would address this issue. Additionally, students were running the
experiment on each other therefore introducing a lack of strong experimental control.
However, there was a significant difference in the amount of numbers people entered
suggesting that people in the Obscured condition slowed down and therefore entered
significantly less numbers. Moreover, as the study was not run in ideal conditions light-
ing could have been another confounding factor. For example, when participants looked
at the display in the wrong angle they could have perceived the to-be-transcribed in-
formation in the Obscured condition as too obscured so that it was impossible to read
and therefore led to negative results. It could be that the information presented in
the Obscured condition was simply too faint to provoke the DOV effect (i.e. deeper
cognitive processing) and rather acted as barrier against it. This was verbally indicated
by many participants after the study. An explanation for this could be that initially
deeper processes might have been activated by the stimuli but the continuous active
processing of the faint and obscured information led to a depletion of their working
memory capacity as described in Mayer (2009) therefore inhibited the activation of
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deeper processes.
Additionally, the use of a different base font-colour and different background colour
as means of introducing disfluency could very likely have contributed to inhibit partic-
ipants engaging in deeper processing. Diemand-Yauman et al. (2011) did not specify
if other colours are able to produce the DOV effect not did the literature provide any
colour specific suggestions. With the initial success of Study Four it was decided to
apply the same grade of obscurity on a different colour font. This was done with the
hope of extending the generalisability of the manipulations (see section 4.2.4)
Unlike Study Four this experiment could not detect the same effect of reduced errors
in the Obscured condition. However, as this was the first attempt to transfer the previ-
ous findings to the number-transcription domain and as the analysis of the experiment
revealed room for an improved experimental design it was unclear at this moment if
the stimuli used in this study were actually causing an effect. Additionally, the noise
factor and the level of distractions as well as the lighting are indicative for an improved
design which were taken into account in the next study.
There was also the argument that the stimuli of this study applied a too high grade
of obscurity of the to-be-transcribed content which probably resulted in participants
overloading their working memory capacity, getting frustrated or suffer from fatigue
and therefore abandon the task. This is regarded as a major issue and influenced the
next study to explore performance across a range of levels of obscured information.
This range of levels was also aimed to further investigate if it was possible to detect a
threshold or in other words a sweet-spot of when the DOV effect would become signif-
icant.
4.3 Experiment 6 - The Revised Number-Transcription
Study
The next study was run as a refined version of the previous number-transcription study.
The previous experiment could not find evidence for less visible content contributing
113
4. STUDIES TO INVESTIGATE THE DOV EFFECT IN
NUMBER-TRANSCRIPTION TASKS
to a reduced amount of committed errors, which could suggest a successful activation
of the DOV effect in number-transcription tasks. However, as Study Five was the
first real attempt to apply the techniques used in text-transcription (Study Four) to
the number domain, the question arose if the applied stimuli i.e. the faint font, was
possibly too faint causing people to perform poorly in the task.
Alternatively, the use of blue coloured fonts and background colour as basis for
this experiment did not yield in the expected outcome that colour as a contributing
factor could be ignored in future studies. This could be seen as a confound but then
again the DOV literature did not have any evidence of colours having an impact as
this is simply the first time this effect is investigated in an interactive context. At
this moment it is unclear if a different colour could impact the DOV effect or if the
negative result resulted out of the obscured background colour alone. Of course one
option was to investigate this finding in further studies and to explore if any colours or
combinations of colour can be of influence. It was however decided not to follow this
avenue and to rather focus on further exploring the effect itself by turning the attention
towards a possible sweet spot - a threshold of obscurity of where the effect could be seen.
This study is identical in its set-up to Study Five but in order to avoid introducing
a less visible font colour which could act as a confound and in order to see if a possible
sweet spot could be identified this study used three conditions: Clear, Medium and Ob-
scured. The reason for having three conditions is to have another level of measurement
to detect if the DOV effect manifests itself. Additionally, the Obscured condition is
using a less faded font colour compared to the previous study meaning that the stimuli
applied in this study are not as strong as in Study Five.
4.3.1 Aims & Hypothesis
The aim of this study is identical to the previous number-transcription experiment.
Albeit the hypotheses are also similar and only differ in the number of conditions (the
conditions are explained in the design section 4.4.4):
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H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : The number of errors made in groups Obscured or Medium will be
significantly lower than the number of error made in the Clear group.
4.3.2 Participants
Participants were randomly recruited by personal invitation or by email. There were in
total 30 participants (14 women) for this study. The mean age of all the participants
was 26.56 with a SD of 8.24 making them between 18 and 34 years old. Participants
were mostly familiar with a Serial based number-entry interface as used in the study.
None of the participants had previous experience of working in the healthcare sector.
However, three participants stated that they were familiar with infusion pumps. Two
people stated that they found the task difficult (one in the Clear and one in the Obscured
group) and two different participants stated that they did not consider themselves to
have normal vision (also one in the Clear and one in the Obscured group). Five partic-
ipants had never used a number pad before, seven rarely used it, fourteen sometimes
used it and only four participants (one each in each of the Clear and Obscured groups
and two in group Medium) often used a number pad to enter numbers. All participants
who took part in the experiment were rewarded with chocolate. Participants were again
randomly assigned to the specific groups.
4.3.3 Number-Transcription Task
The tasks set to participants was identical to the previous number-transcription study.
Participants had to enter as many numbers as possible in the given time-frame of five
minutes. The same number-transcription game was used therefore the mechanisms
were responsible for randomly generated numbers in the range from 1-999.99 adhering
to the same number presentation standard and decimal to integer distribution.
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4.3.4 Design
A between-subjects design was chosen for this experiment (ten participants in each
group). The difference to the previous study was that unlike using two groups Clear
and Obscured this study had three distinct groups. Condition Clear which is iden-
tical to Study Four, Medium which uses a light-grey coloured font (RGB Hex-Code:
#BDBDBD) and Obscured which uses an even fainter-grey faded presentation of the
numbers (RGB Hex-Code: #DFDFDF ). Notably, the Obscured condition is not as
strongly obscured as in the previous number-transcription study but the same as in
Study Four. The Medium condition is in fading gradient located between the other two
conditions. The three conditions were chosen to provide a better range to measure a
possible effect and to avoid a possible overpowered stimuli as indicated in previous re-
sults. The independent variable was the grade of visibility of the number presentation.
The dependent variables were identical to the previous study. This included the total
number of errors made, the rate of errors and also again the number of corrected errors
in each group. Similar as before corrected errors were not added to the total amount
of errors.
Figure 4.14: Study 6: Source display illustrated in all three conditions
4.3.5 Materials & Number-Transcription Game
Apart from the technology used for this study the only other materials were printed
instructions and an informed consent sheet for participants to read and to sign before
running the trials (see Appendix B.3.1).
As for the technical part the study was identical to the previous number-entry ex-
periment except that only a single computer was used to collect data not multiple ones
like in a teaching lab setting. An Apple MacBook Pro 13” connected to an external
keyboard and monitor with a 17” size display at 1920× 1080 resolution was used. Ad-
ditionally, the browser used for the experiment was Mozilla Firefox 10 running under
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MacOSX 10.7.5 (Lion). The external keyboard was again modified with stickers as be-
fore. Unlike the previous study a Google on-line form was used to collect demographic
data (a structure of the questionnaire can be seen in Appendix B.3.2). In order to mea-
sure the time a smart-phone was used throughout the study. The number-transcription
game was the same as described in section 4.2.6. The only difference was that three
different set-ups existed in this study in respect to the three conditions.
Each time a participant pressed the Enter key the number he or she just entered,
which was shown in the centre display, was saved to the database and a new number
was instantly and randomly generated at the upper left display. Additionally, at the
same time the numbers in both displays were compared and if they matched the score
was increased by 100 points. Any other entry than the correct number resulted in a
decreasing of the score by 100 points.
4.3.6 Procedure
In contrast to Study Five, this experiment was conducted in an empty office in the
Computer Science building. All participants were run in individual sessions which were
managed by email and personal invitation. Participants were given the instructions to
read and to sign. After they had signed the documents, they were asked to become
familiar with the use of the keyboard controls and the display of the interface. For
this purpose, participants were then asked to run ten training trials, which were sep-
arate from the main experiment. Participants were asked to sit straight in front of
the monitor to avoid a possible effect on the perception of the numbers as the Medium
and Obscured information could be perceived differently from a different angle. The
lighting in the room was also controlled. After a participant became familiar with how
the Serial interface worked he or she was then asked to proceed to the main study.
Participants were asked to enter the given numbers either in the Clear, Medium or Ob-
scured group within five minutes as quickly and as accurately as possible. Participant
were stopped at the end of the given time-frame. During the experiment, participants
themselves could not see how much time had passed. After finishing the number-entry
task, the experimenter offered each participant a small break. Each participant was
then asked to fill out a small on-line demographic questionnaire and the participants
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were debriefed as to the goals of the study.
4.3.7 Pilot
A pilot study revealed some technical issues with the database connection. There were
two participants who were students in computer science. Additionally, the pilot re-
vealed that the angle of how participants looked at the monitor had to be controlled
which was then implemented in the main study. Pilot participants were excluded from
the main study.
4.3.8 Results
The hypothesis for this experiment was that there is a significant difference in the num-
ber of errors between the three conditions Clear, Medium and Obscured. Participants
entered in total 2391 numbers for all three groups, which resulted in 44 total errors
(1.8%) and 149 corrected errors. 849 numbers were entered in group Clear (28 errors),
796 in group Medium (12 errors) and 746 in group Obscured (4 errors), respectively.
The mean of the numbers entered in the Clear group was 84.9 (SD = 5.45)
whereas in the Medium group was 79.6 (SD = 13.95) and in the Obscured group
74.6 (SD = 17.61). Additionally, the mean of the corrected errors in the Clear group
was 5.2 (SD = 5.18), whereas in the Medium group was 5.3 (SD = 6.80) and in the
Obscured group 4.4 (SD = 3.59). A Kruskal-Wallis test was conducted, as error data
does not generally follow a normal distribution. There was no significant difference in
the total numbers entered between the groups (H = 2.08; df = 2; p = 0.35) (see figure
4.15) and the number of corrections (H = 0.23; df = 2; p = 0.89) (see figure 4.16).
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Figure 4.15: Study 6: Boxplot of total numbers entered by all participants in each
condition.
Figure 4.16: Study 6: Boxplot of total corrections made by all participants in each
condition.
There was a highly significant difference between the total errors made in the three
groups (H = 9.78;df= 2; p = 0.007). The mean of the errors made in the Clear group
was 2.8 (SD = 2.20) whereas in the Medium group was 1.2 (SD = 1.39) and in the
Obscured group 0.4 (SD = 0.52) (see figure 4.17).
Additionally, taking into account the number that each individual entered in relation
to the errors, the rate of errors was also significantly different (H = 8.89; df = 2;
p = 0.01) (see figure 4.18).
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Figure 4.17: Study 6: Boxplot of the total errors made by all participants in each
condition
Figure 4.18: Study 6: Boxplot of the error-rate of each participant in each group.
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A follow-up multiple comparisons test was used to determine which means among a
list of means differ from the rest i.e. where the exact difference was between the tested
groups. This test compares significance levels of single and multiple comparisons to be
directly compared in contrast to comparing the set as a whole. This specific follow-up
test for the Kruskal-Wallis has a critical threshold value and the pairs of groups which
have observed differences higher than this threshold are considered statistically differ-
ent (Siegel & Castellan, 1988).
The follow-up multiple comparisons test of the total errors made by each participant
in each group revealed, that only the difference between group Clear and Obscured is
significant (observed difference of 11.75 > critical threshold of 9.43). A second follow-
up test of the rate entered by each participant in each group revealed also that only
the group Clear is significantly different from group Obscured (observed difference of
11.30 > critical threshold of 9.43).
Eleven participants (36%) made at least one error with only one person making no
error in the Clear group, four people making no error in the Medium group and six
people making no error in the Obscured group.
4.3.9 Discussion
Like in the text-transcription study (Study Four) the results of this study showed that
participants in the Medium and Obscured group achieved higher accuracy i.e. less er-
rors than those in the Clear group. However, only the difference between Clear and
Obscured was significant, which again suggests that the experimental manipulation
similar to those suggested by Study Four has worked and there is a trend indicating
that a more obscured representation of information can lead to fewer errors being made
in data-transcription tasks.
As observed in Study Five, the presentation of information that is too obscure
might have the opposite effect of making numbers simply too hard to read and there-
fore resulting in people abandoning the task. Yet at this moment it is not clear to
what extent the different font colour or background colour have contributed to this.
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While the results of Study Five suggest that the manipulation used was too strong, the
contrast with previous findings suggest that there could be a threshold or sweet-spot
of when the DOV effect comes into play during a transcription task. It was therefore
decided to have a closer look at different levels of obscurity (grades of the faded font)
to further examine if a specific level could be detected.
Results in Study Six could indeed detect a DOV effect by taking this into account,
which speaks in favour of the revised experimental method. Participants entered fewer
numbers in the Obscured group than in the other groups but this was not significantly
different. Furthermore, taking into account that the rate of errors was still significantly
different would mean that even if participants are possibly going slower they are also
making errors at a lower rate. This could be due to the fact that they are taking slightly
more time over each entry but is also very strongly indicative that this is the type of
results showing the DOV effect coming into play.
In terms of levels of obscurity, the manipulation in Study Six was not as strong
as in Study Five meaning that even the Obscured group in Study Six (highest fading
grade) was not as strong as the one in the previous study. This elevated the Medium
condition in this study even higher (lower fading grade). This also means, as Study
Five was not significant and as the level of obscurity was too high, a potential threshold
of when the DOV manifests itself must be above the fading grade of Study Five (lower
fading grade) but lower than the one from the Medium condition (higher fading grade)
as only Obscured & Clear had a difference in the results of Study Six. It might be that
the grade of fading can be higher than the one in the Obscured condition of Study Six
but an exact measure can not be given at this time as it is unclear which other factors
contributed to the non-significance in Study Five (font colour and background).
Overall, there are few corrections, which suggest different mechanisms behind cor-
rected and uncorrected errors. For example, that people use different strategies to
correct errors or people are self-detecting their slip errors. While people who commit
the errors think their action was correct, those who correct errors are aware of their
mistakes suggesting that they are self-evaluating their actions on the fly. Interestingly,
whilst the number of committed errors was fewer there was no difference in the number
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of the corrected errors.
An indication that the DOV effect could be a source related effect. If people use
a deeper more effortful cognitive processing i.e. a strong encoding in memory then
perhaps the corrected errors are made by comparison with memory rather than com-
parison with the original. According to Salthouse (1986), when people transcribe text
they perceive the information at the source and encode it in memory (a view that may
be directly applicable to number transcription tasks as well). This is where, in theory,
the DOV effect interferes. Others describe this as System 2 engaging in the task (Kah-
neman, 2008). The DOV or System 2 engage a more effortful deeper processing of the
information and therefore move away from a shallow error prone System 1 to a better
encoding in memory. Participants in this study therefore could have simply made fewer
errors due to the better encoding and subsequent retrieval of the information. This sub-
sequently also led to fewer corrections. If they would have made more corrections than
that would be in indication that people would notice the error when they see the wrong
number on the display and compare it again with the one in the source field. However,
as there were not many corrections, not even a significant difference, this was not the
case.
Similar to the studies presented in Chapter Three and other comparable studies by
Oladimeji et al. (2012) and Thimbleby and Cairns (2010) the rate of number-entry
errors is still low (1.8% in this case) but this does not mean it is less important to
investigate why these errors happen.
In order to get a better understanding of the manipulations leading to the DOV
effect the attention in the following study was shifted towards the interesting fact that
the manipulation at the source is responsible for the DOV effect rather than the dis-
play. Given the fact that a manipulation which can successfully provoke the DOV effect
was already discovered, further studies which focus on a threshold or sweet-spot are
planned for the future.
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4.4 Experiment 7
Looking back upon the previous studies, it can be seen that it is possible to let people
make significantly fewer errors when transcribing information, which is presented to
them in a less visible form. Even though there is much room to investigate the appli-
cation of additional stimuli such as different font-types as in Diemand-Yauman et al.
(2011) the applied font colour grade seems to be enough to stimulate and subsequently
to detect the hypothesised effect. This seems to be the case for both text- and number-
transcription tasks.
Additionally, from the previous work on the DOV effect it would be expected that
it is the source information which is important to stimulate the effect. This seems
to be the case in Study Four but was not explicitly considered and in the subsequent
experiments both the to-be-transcribed source and the numbers in the target display
were presented in the same font colour. This was done partly by a way of replication.
This means, for example, that in the Obscured condition the source and the target area
would have been displayed in the same grey faded font colour. Participants could have
been stimulated by the stimuli present at the target field. As this has never been done
before in an interactive context, an interesting question is, which of the two design
elements is responsible for stimulating the DOV effect? The corrected errors might be
an important factor if the target is obscured or not to discern if the DOV is a source
or target related effect.
Additionally, there is the theory that people tend to use a memory-intensive, less
accurate strategy in transcription tasks and this can lead to higher error rates (Gray
et al., 2006). This would speak against increasing the effort to access information.
Moreover this would also rule-out that the information which is harder to read at the
source would have an effect on reducing errors as this would simply just increase the
error rate. However, the results gained from the text-entry study and the previous
number-entry study suggest otherwise as there was a decrease in errors when people
perceived the information in an obscured way.
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In conclusion, increasing the effort for people to access the information by obscuring
the to-be-transcribed information would align with the theory surrounding the DOV
effect. People would have to increase their effort and think harder to access the pre-
sented information and therefore encode it better in their memory.
4.4.1 Aims & Hypothesis
The aim of this experiment was to investigate which obscured interface design feature
(target or source) can stimulate the DOV effect and let people make fewer errors in
transcription tasks. Previous studies matched the visibility grade in the obscured con-
ditions on both the source and the target display. Therefore the hypotheses for this
experiment was:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : There will be a significant difference in the number of errors made between
the conditions Clear & Obscured.
H2 : There will be interaction effects on errors or corrected errors due to the
source and the target being greatly different.
4.4.2 Participants
Participants were all students and randomly recruited by personal invitation or by
email. There were ten participants (three were women). The age of the participants
was between 19 and 25 (mean 22.7; SD 2.53) years. None of the participants had
previous experience of working in the healthcare sector and only three people stated
that they were familiar with an infusion pump. Participants were mostly familiar with
a calculator-based number-entry interface as used in the study (except two). All par-
ticipants were again rewarded with chocolate and as usual all of the participants were
randomly assigned to the specific groups.
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4.4.3 Number-Transcription Task
The four tasks set to participants were to transcribe as many numbers as possible in the
given time-frame of five minutes for each condition. Other than that, the tasks itself
where identical to that of the previous study (Study Six) in terms of number display
(structure) and distribution (decimal to integer).
4.4.4 Design
In order to facilitate data collection a within-subjects design was chosen for this study
resulting in four experimental conditions. The two independent variables were the grade
of the visibility of the presented numbers in the source display and in the target input
area resulting in four experimental conditions. The dependent variables were identical
to the previous study. As in the previous study the numbers are randomly generated at
the start of each trial. To avoid ordering and rehearsal effects, the order in which par-
ticipants saw the four conditions was fully counterbalanced. This study used the same
font-colour coding for the Clear and Obscured condition as in Study Four and Study Six.
4.4.5 Materials
The same computational platform as in the previous number-transcription study was
chosen. The computer used was again an Apple Macbook Pro 13” connected to an
external monitor with a 17” size display at 1920 × 1080 resolution. Also, the browser
used for the experiment was Mozilla Firefox 10 running under Mac OSX 10.7 (Lion).
Hardware preparations were again the same as before i.e the keyboard was labelled
with stickers accordingly.
Instructions and an informed consent form were printed and given to participants
to read and to sign before they started the trials (see Appendix B.4.1). Participants
were instructed to fill out a small demographic questionnaire after each condition (see
Appendix B.4.2) followed by a final questionnaire at the end of the study (see Appendix
B.4.3). The questionnaires between the tasks contain questions about the difficulty of
the task, task engagement as well as questions about the effort a participant put into
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the task. As the design of the experiment was a within-participants design meaning
that one participant would experience all the conditions sequentially it was required
to place these questions after each task to be able to identify any changes between
the conditions in terms of demographics. Some of the questions focus on task diffi-
culty therefore only one questionnaire at the end might hide this information for the
individual tasks. All these questionnaires were provided on-line via Google forms. As
previously a smart-phone was used to manage the time.
4.4.6 Number-Transcription Game
There were four versions of the interface used in the study according to the experi-
mental conditions. The only modification of the game were the unmatched number
presentation conditions. Other than that the game was identical in its design and me-
chanics (see figure 4.19).
Figure 4.19: Study 7: Number-transcription game with unmatched source and target
display
4.4.7 Procedure
This study was also conducted in an empty office in the Computer Science building.
All participants were again run in individual sessions which were managed by email
and personal invitation. The monitor and keyboard were prepared accordingly so that
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participants looked straight at the display and only interacted with the number-pad of
the keyboard.
A participant was welcomed and given a copy of the informed consent form and
the instructions to read and sign. After that, the training started, where participants
were asked to enter ten training trials which were separate from the main experiment
and also randomised between participants. After a participant became familiar with
the controls he or she was then asked to proceed to the first main task. Participants
were then asked to enter the given numbers in one of the four conditions (depending
on the randomisation of the groups) within five minutes. The experimenter stopped
the participant after the time limit was up. After each main task participants were
asked to fill out a small on-line questionnaire and then asked to take a short break.
The study then continued with the second task by letting participants enter again the
given numbers within five minutes in the second condition. The same procedure was
followed for all the four conditions. After finishing all four number-transcription tasks
and the following small questionnaires between the main tasks, participants were asked
some demographic questions in form of an additional on-line questionnaire.
4.4.8 Pilot
A small pilot study with two participants (two research students) was conducted to
test the experimental design. Only minor data storage errors were detected and later
corrected. The participants of the pilot were excluded from the main study.
4.4.9 Results
The data which is analysed in this study is non-parametric data (error-data). As this
analysis is looking for two-way effects, a (2 x 2) Analysis of Variance (ANOVA) is the
suitable test, as there is no well established test for non-parametric data. However,
main effects where they are seen in the ANOVA are confirmed with a non-parametric
Wilcoxon test.
The hypothesis for this experiment was that there would be a significant difference
between the four experimental conditions. Participants entered in total 3494 numbers
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for all four groups, which resulted in 102 total errors (2.92%). 862 numbers were en-
tered in condition Clear & Clear (20 errors), 859 in condition Clear & Obscured (30
errors), 883 in condition Obscured & Clear (18 errors) and 890 in condition Obscured
& Obscured (34 errors), respectively. Table 4.1 shows the descriptives for the total
numbers entered in each condition.
Display
Clear Obscured Row Mean
Source
Clear 86.2 (14.00) 88.3 (12.60) 86.1 (13.51)
Obscured 85.9 (13.76) 89.0 (16.00) 88.7 (14.01)
Column Mean 87.6 (14.72) 87.1 (12.87)
Table 4.1: Study 7: Descriptives: Mean (SD) for the total numbers entered
An alpha level of .05 was used for all statistical tests. The data was analysed using
a two-way (2 x 2) ANOVA for a within-participants design, with the grade of the visi-
bility of the source and the target display as related samples variables.
In regards to the numbers entered in total, there was no main effect of the Source,
F (1, 32) = 0.08; p = 0.78; η2p = 0.001, with participants transcribing about the same
amount of numbers in both conditions Clear and Obscured. There was also no main
effect for the visibility of the Display F (1, 32) = 0.001; p = 0.98; η2p = 0.001. There was
also no interaction effect (Source x Display) F (1, 32) = 0.353; p = 0.56; η2p = 0.001 (see
figure 4.20).
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Figure 4.20: Study 7: Boxplot of total numbers entered by each participant in each
condition.
In regards to the total errors, there was no main effect of the Source, F (1, 32) =
0.008; p = 0.93; η2p = 0.001. There was also no main effect for Display F (1, 32) =
0.027; p = 0.87; η2p = 0.003 and also no interaction effect (Source x Display) F (1, 32) =
1.62; p = 0.21; η2p = 0.07 (see figure 4.21). Table 4.2 presents the descriptives in relation
to the uncorrected errors.
Display
Clear Obscured Row Mean
Source
Clear 2.0 (2.00) 3.0 (3.10) 2.5 (2.60)
Obscured 1.8 (1.48) 3.4 (3.06) 2.6 (2.48)
Column Mean 2.7 (2.62) 2.4 (2.46)
Table 4.2: Study 7: Descriptives: Mean (SD) for the total errors made
Only one participant made no errors during the whole study. Three participants
made no errors in both the Clear & Clear and the Clear & Obscured condition whereas
two participants made no errors in the Obscured & Clear condition (80% made at least
one error) and Obscured & Obscured condition. The highest uncorrected error-count
and number of corrected errors was recorded in a Obscured & Clear condition (ten
errors in one task, 63 corrections).
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Figure 4.21: Study 7: Boxplot of total errors made by each participant in each condition.
In regards to the error rate, there was no main effect of the Source, F (1, 32) =
0.04; p = 0.84; η2p = 0.001. There was also no main effect for Display F (1, 32) =
0.01; p = 0.94; η2p = 0.003 and also no interaction effect (Source x Display) F (1, 32) =
1.67; p = 0.21; η2p = 0.08 (see figure 4.22). Table 4.3 presents the descriptives in relation
to the total rate of errors.
Display
Clear Obscured Row Mean
Source
Clear 0.02 (0.02) 0.03 (0.03) 0.03 (0.02)
Obscured 0.02 (0.02) 0.04 (0.03) 0.03 (0.02)
Column Mean 0.03 (0.03) 0.03 (0.03)
Table 4.3: Study 7: Descriptives: Mean (SD) for the total error rate
A closer look at the order of the consecutive number-transcription tasks revealed
that the number of errors increased after participants competed the first task i.e. tran-
scribed the first set of numbers. Figure 4.23 shows the total errors made by participants
ordered by the task.
Participants made in total 701 corrections during the study. 163 corrections were
made in condition Clear & Clear, 191 in condition Clear & Obscured, 124 in condition
Obscured & Clear and 223 in condition Obscured & Obscured, respectively. However,
there was no main effect for Source, F (1, 32) = 0.018; p = 0.89; η2p = 0.001. There
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Figure 4.22: Study 7: Boxplot of total error rate by each participant in each condition
Figure 4.23: Study 7: Boxplot of the total errors presented in the order of tasks
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was also no main effect for Display F (1, 32) = 0.123; p = 0.73; η2p = 0.008 and also no
interaction effect (Source x Display) F (1, 32) = 0.024; p = 0.88; η2p = 0.03 (see figure
4.24). Table 4.4 presents the descriptives of the corrections.
Figure 4.24: Study 7: Boxplot of the corrections made by participants in each condition
Display
Clear Obscured Row Mean
Source
Clear 16.3 (18.55) 19.1 (23.85) 17.7 (20.85)
Obscured 12.4 (12.11) 22.3 (23.50) 17.4 (18.91)
Column Mean 19.3 (20.85) 15.6 (18.91)
Table 4.4: Study 7: Descriptives: Mean (SD) for the total corrections made
4.4.10 Discussion
No significance of the total errors, error rate, numbers entered or corrected errors could
be measured between the four conditions. This study has, like previous experiments,
shown that although a large quantity of numbers have been transcribed, the error pre-
sentation rate was well below 5% (2.9% in this Study).
The results have shown that a within-participants design seems to be a suboptimal
choice for number-transcription experiments as there are indications in the data, which
suggest that they were less engaged in the task after they completed the first number-
transcription condition (see figure 4.23). Participants seem to make more errors as the
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tasks progressed (regardless of condition). The task itself is simple yet it seems too
monotonous if repeated four times over twenty minutes. Results of the demographics
between the tasks also indicate a downwards trend in engagement. While all partic-
ipants initially stated that they were highly focused on the task (4-5 on the 5-point
likert scale) they were already less focused after the second task (1-3 on the likert scale).
An independent sample i.e. between-participants design would perhaps allow the DOV
effect to present itself.
Although it was not possible to detect a significant difference in the amount of
errors between the four conditions, this study has shown that, for example, only one
participant made no errors during the entire study. All others made one or more er-
rors. This can be seen as further indication that in even small tasks errors happen
and transferred to transcription tasks in safety-critical domains such as the healthcare
domain can cause serious adverse events.
4.5 Experiment 8 - The Revised Design
Two of the previous studies (Study Four and Study Six) indicated that there is poten-
tial for improvement of accurately transcribing information once the to-be-transcribed
information is presented in a harder to read font (faded colour). However, only condi-
tions where the disfluency of the source was matched to the disfluency of the display
were measured. Study Seven was the first attempt to measure all possible conditions i.e.
combinations but was unable to detect the DOV effect possibly due to its disadvanta-
geous experimental design (within-participants design). Study Eight is therefore identi-
cal to Study Seven but addressed the previous issue by utilising a between-participants
design.
4.5.1 Aims & Hypothesis
This study had the identical aim as Study Seven namely to measure whether the intro-
duced disfluency at the source or the at the input display is responsible for the DOV
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effect to present itself. This also led to the identical hypotheses:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : There will be a significant difference in the number of errors made between
the conditions Clear & Obscured.
H2 : There will be interaction effects on errors or corrections due to the source
and the target being greatly different.
4.5.2 Participants
Participants were again randomly recruited and were almost all students (one resource
developer). There were 40 participants (25 women). The mean age of all the par-
ticipants was 22.57 with a SD of 2.78 making them between 19 and 25 years old.
Participants came from a variety of countries such as UK, Germany, Latvia, Thailand,
Saudi Arabia with a majority coming from China (22 people). Three of the participants
had previous experience of working in the healthcare sector and four stated that they
were familiar with an infusion pump. Twenty-one participants were not familiar with
a calculator based number-entry interface as used in the study. Only one participant
found the task difficult but made no more that one error and four corrections in total.
The person from Saudi Arabia was the only one who did not enjoy the task and stated
that the study was tiring and exhausting. All the participants were randomly assigned
to the groups. Additionally, all participants who voluntarily took part in the experi-
ment were rewarded with chocolate.
4.5.3 Task, Materials, Design and Interface
The number-transcription task was identical as to the one in Study Seven. In order
to address previous unwanted effects a between-participants design was chosen for this
study. There were again the same four versions of the interface used in the study as
in Study Seven. The independent variables were again the grade of visibility of the
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source and input display. All the dependent variables were also identical to the previ-
ous study. The same font-colour codes were used again for both conditions identical to
Study Four, Six and Seven.
The electronic set-up, the number-transcription game itself and the paper-based
instructions as well as the informed consent were also identical (see Appendix B.5.1).
There was a difference in the demographic questionnaires. Unlike Study Seven, this
study only used one demographic questionnaire at the end of the experiment (see Ap-
pendix B.5.2).
4.5.4 Procedure
The experiment was conducted in an empty office in the Computer Science building
and at the Morell Library (see figure 4.25) at the University of York. All participants
were run in individual sessions which were managed by email and personal invitation.
The hardware and monitor set-ups were performed as before and no other program was
running on the computer. The browser used for the experiment (Mozilla Firefox) was
therefore set to full screen mode.
Figure 4.25: Study 8: Experimental set-up - Morell Library
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Each participant was first welcomed and then given a copy of the informed con-
sent form and the instructions to read and to sign. The training trials were again ten
numbers and after participants completed the training they were asked to proceed to
the main study. Participants were then asked to enter the given numbers in one of
the four conditions within the usual five minutes. Participants were stopped after the
given time-frame was up. After finishing the main number-transcription task, partici-
pants were asked to complete a few demographic questions. This was followed by the
debriefing of a participant.
4.5.5 Pilot
A small pilot study with one participant (research student at the department of com-
puter science) was conducted to test the experimental design. One data link error to the
database was detected and fixed other than that no errors or design flaws were detected.
4.5.6 Results
The data in this experiment was also analysed using a (2X2) Analysis of Variance
(ANOVA), as there is no well established test for non-parametric data. Main effects
where they are seen in the ANOVA are confirmed with a non-parametric Mann-Whitney
test.
Participants entered in total 3232 numbers combined in all the groups, which re-
sulted in 65 total errors (2%). 801 numbers were entered in condition Clear & Clear
(21 errors), 822 in condition Clear & Obscured ( 23 errors), 827 in condition Obscured
& Clear (17 errors) and 782 in condition Obscured & Obscured (4 errors), respectively.
Table 4.5 illustrates the relevant descriptives in relation to the total numbers entered
in each condition.
There was no main effect of the Source, F (1, 36) = 0.031; p = 0.86; η2p = 0.01
in regards to the total numbers entered. There was also no main effect for Display
F (1, 36) = 0.090; p = 0.77; η2p = 0.01 and also no interaction effect (Source x Display)
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Display
Clear Obscured Row Mean
Source
Clear 80.1 (11.45) 82.2 (13.80) 81.15 (12.39)
Obscured 82.7 (11.16) 78.2 (13.87) 80.45 (12.47)
Column Mean 81.4 (11.09) 80.2 (13.62)
Table 4.5: Study 8: Descriptives: Mean (SD) for the total numbers entered
F (1, 36) = 0.68; p = 0.21; η2p = 0.02 (see figure 4.26).
Figure 4.26: Study 8: Boxplot of total numbers entered by each participant in each
condition.
In view of the total errors made, there was a main effect for Source F (1, 36)
= 6.31; p = 0.016; η2p = 0.15) but no main effect for Display F (1, 36) = 1.442;
p = 0.24; η2p = 0.04) nor an interaction effect: F (1, 36) = 2.682 p = 0.11; η
2
p = 0.07).
The main effect for source was confirmed by a Mann-Whitney test p = 0.007;W = 296.5
(see figure 4.27). The following table 4.6 illustrates the descriptives regarding the total
errors made by condition:
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Figure 4.27: Study 8: Boxplot of total errors made by each participant in each condition.
Display
Clear Obscured Row Mean
Source
Clear 2.1 (1.20) 2.30 (1.83) 2.20 (1.50)
Obscured 1.7 (1.77) 0.40 (0.70) 1.05 (1.47)
Column Mean 1.9 (1.48) 1.35 (1.66)
Table 4.6: Study 8: Descriptives: Mean (SD) for the total errors made
In view of the total error rate, there was also a main effect for Source F (1, 36) = 9.01;
p = 0.004; η2p = 0.20 but no main effect for Display F (1, 36) = 2.20; p = 0.15; η
2
p = 0.06
nor an interaction effect: F (1, 36) = 1.53 p = 0.23; η2p = 0.04. The main effect for
source was again confirmed by a Mann-Whitney test p = 0.007;W = 296.5 (see figure
4.28). Notably, the Mann-Whitney did not reveal a significance for the display ma-
nipulation in this regard p = 0.16;W = 251.6. Table 4.7 presents the descriptives in
relation to the error rate.
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Figure 4.28: Study 8: Boxplot of total error rate by each participant in each condition.
Display
Clear Obscured Row Mean
Source
Clear 0.03 (0.02) 0.03 (0.02) 0.03 (0.02)
Obscured 0.02 (0.02) 0.01 (0.01) 0.01 (0.02)
Column Mean 0.03 (0.02) 0.02 (0.02)
Table 4.7: Study 8: Descriptives: Mean (SD) for the total error rate
Twelve participants made no errors during the whole study. One participant made
no error in the Clear & Clear condition, one participant made no errors in the Clear
& Obscured condition, three participants made no errors in both the Obscured & Clear
condition whereas seven participants made no errors in the Obscured & Obscured con-
dition (70% of all people made at least one error). The highest error-count and number
of corrected errors was recorded in a Clear & Obscured condition (6 errors in one task,
18 corrections).
Participants made in total 274 corrections during the study (see figure 4.29). 52
corrections were made in condition Clear & Clear, 55 in condition Clear & Obscured,
119 in condition Obscured & Clear and 48 in condition Obscured & Obscured, respec-
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tively. Table 4.8 shows the descriptives for the corrections in this study.
Display
Clear Obscured Row Mean
Source
Clear 5.2 (4.83) 5.5 (5.12) 5.35 (4.85)
Obscured 11.9 (10.0) 4.8 (5.55) 8.35 (8.69)
Column Mean 8.55 (8.39) 5.15(5.21)
Table 4.8: Study 8: Descriptives: Mean (SD) for the total corrections made
Regarding the total corrections made, there was no main effect for Source F (1,
36) = 1.989; p = 0.16; η2p = 0.05 and no main effect for Display F (1, 36) = 2.555;
p = 0.12; η2p = 0.07 nor an interaction effect: F (1, 36) = 3.026 p = 0.09; η
2
p = 0.08 (see
figure 4.29).
Figure 4.29: Study 8: Boxplot of the total corrections by condition
4.5.7 Discussion
The hypothesis (H1) for this experiment was that there would be a significant difference
in the number of errors between the four conditions and therefore a DOV effect could
be detected. Indeed, there was a significant difference in the total errors and the total
error rate committed between the conditions, forming a stronger case for supporting the
argument in the literature that by introducing disfluency or in other words by making
information harder to access or in this case harder to read can be beneficial in terms
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of accuracy in transcription tasks (Diemand-Yauman et al., 2011).
The results showed that was a significant difference in terms of source, where peo-
ple perceive disfluent information is significantly different from the other conditions in
terms of errors being made but no significant effect of display. This would confirm
that the DOV is a source related effect and possibly can not be influenced by disfluent
information presented at the target area. The effect size is modest meaning that 15%
of the variance in the total error data are due to the manipulation at the source. In
terms of the error-rate this is even higher (20%). Though a modest effect, in safety
critical domains even modest effects can have a considerable impact.
Additionally, no significance of the total numbers entered or corrections could be
measured between the four conditions indicating that no speed-accuracy trade-off was
present. It appears that no effect in the total corrections contributed to the fact that
the DOV effect is a purely source related effect and does not influence error detection
(i.e. participants checking the display). By looking at the boxplot (figure 4.29) it ap-
pears that the highest variation in the data occurred in the Obscured Source & Clear
Display condition indicating that people have made more corrections in this condition
but not significantly more.
An explanation for this could also be that once the Source is obscured people encode
the numbers better in their memory therefore compare the numbers in their memory
not via the display and therefore make fewer errors in the first place. In case they do
make a mistake then as a consequence they notice this because of the better encoding.
Further to this, additional motor-movement errors might also come into play which
means that once a number is encoded in memory and then retrieved it is translated
into motor-movements (Salthouse, 1986) it could be that at this stage an interference
causes people to type the wrong number although they had the correct number in mind
and then notice this mistake because of the better encoding therefore make a higher
number of corrections in this case. This is however at this stage a possible speculative
explanation but not confirmed with enough evidence.
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These results further strengthen the argument that within-participants designs are
not advantageous in laboratory experiments investigating these particular number-
transcription tasks. In addition, this study has, like previous experiments, shown that
although a large quantity of numbers has been entered the presentation rate of the
errors was again well below what is typically considered systematic, namely of 5%
(Abelson, 1995).
4.6 Overall Discussion & Conclusions
This chapter presented a series of studies motivated by the healthcare context outlined
earlier to examine the DOV effect for text- and number-transcription tasks. The first
study (Study Four) used the text-transcription game TypoMadness as research instru-
ment to increase the error-rate and produced a very promising effect. People made
significantly fewer errors without getting slower when transcribing text phrases in a
grey faded font as previously proposed by Diemand-Yauman et al. (2011). This was
seen as key-stone experiment and greatly inspired further experiments in the domain
of number transcription tasks. Study Five was the first attempt to do this in a class
room setting but resulted in a non-significant inconclusive outcome due to the envi-
ronment and the manipulation used in this study. The classroom setting contributed
noise factors and the colour coding of the manipulation (grade of obscurity) was dis-
advantageous in terms of readability. While it was initially expected that none of the
colour coding base is effecting the DOV effect, it suggested that this manipulation was
too strong in this case making it too hard to read and therefore undermining the DOV
effect bringing into question a possible threshold of obscurity of when the effect might
be seen. It was inconclusive at that stage if the inability to produce the effect was due
to the base colour of the manipulation or due to the grade of fading and background or
the environmental effects. It is possible that all three of them together somehow con-
tributed to prevent the DOV effect to be seen. Study Six was a much more controlled
laboratory study and took the issues of Study Five into account. The same success-
ful manipulation as in Study Four was used (although not as strong) and resulted in
people making significantly fewer errors (without slowing down during the task) in the
Obscured conditions. Moreover, this study included an additional Medium condition to
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identify a possible threshold of then the DOV effect could come into play. An indication
of such a sweet-spot could be identified but not conclusively fixed. Moreover, due to
the number of corrections and to previous results in the literature (Diemand-Yauman
et al., 2011; Sungkhasettee et al., 2011), it was assumed that the DOV effect could be
a Source related not a Display related effect. This would mean that once people read
the number (or text) at the source then a better encoding (triggered by the deeper
processing mechanism behind the effect (Kahneman, 2008) would be responsible for
them to retrieve the information better from memory and therefore make fewer errors.
Additionally, comparisons before and after an error was made is due to comparisons
in memory rather than due to comparisons with the number presented at the display
(where people re-enter the numbers or text). Study Seven aimed to identify whether
the Source or Display is responsible for the DOV effect but resulted in a non-significant
outcome. The number of errors between the conditions indicate that participants were
already less engaged after the first task (within-participants design) due to the nature
of the task being possibly too monotonous. Study Eight used a between-participants
design, which resulted in the detection of the DOV effect. Both the errors and error
rate was lower in the Obscured condition. Moreover, it became also apparent that the
effect is related to the Source which is consistent with the theory surrounding the DOV
effect (Alter et al., 2007; Diemand-Yauman et al., 2011) and strongly suggests that
the DOV effect is widely applicable in the context of number- and text-transcription
tasks. The effect size of the study suggests a modest effect however, even modest effects
can have a critical impact in safety-critical domains.
The key findings of Chapter Four are:
• The DOV effect does work in both text- and number-transcription tasks
• The DOV seems to be a source related effect
• A within-participants design is disadvantageous for studies as presented
The studies presented here are essentially a first step into unknown territory and
while the thesis is mapping this territory much is still to be discovered of how the DOV
effect works. The key findings of this chapter lead to several interesting directions of
144
4.6 Overall Discussion & Conclusions
future studies.
When focusing on design, the discovered results represent a potentially important
contribution for the design of future medical devices and transcription tasks in general.
However, there is also the possibility that this effect will wear off over time. The liter-
ature described the DOV effect being constructed upon concepts of DPT such as two
distinct cognitive processes (Kahneman, 2008; Kuehl et al., 2014). According to DPT
the part in people’s mind that thinks harder and more effortful is also a slow learner.
So in theory the effect might endure for a while but may disappear over time. Future
work will therefore need to focus on a long-term study, to investigate how long the
discovered effect lasts in transcription tasks.
Additionally, fatigue is another issue that needs to be examined in this context.
There is evidence in the literature that, for example, people who are on extended work
duty possess a significantly decreased level of vigilance. For example, workers in the
healthcare domain (Scott, Rogers, Hwang, & Zhang, 2006). This is something future
studies need to take into account. Furthermore, the grade of frustration is another
interesting aspect to consider. For example, if the Obscured text is too strong i.e. if
the text or the number is too hard to read then there is the potential that people will
get frustrated in entering numbers (or text) and simply lower their efforts towards a
successful completion of the task or even abandon the task completely. This is some-
thing that needs to be explored - especially in light of possible longitudinal effects.
Although, in the laboratory Study Five presented here it appears that people were less
engaged in the task whereas in contrast to other studies (Study Four, Six, possibly
Seven and Eight) the grade of obscurity resulted in the effect being present. Yet the
studies presented here only have a time-frame of a few minutes and such effects might
occur after a longer period of time.
Moreover, as healthcare personnel do not usually transcribe information from an
electronic source but also from paper-based sources there is further room to explore
the application of the findings in this medium.
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These are several avenues of directions future DOV studies could take. All of them
are interesting and give further insight into how the DOV effect works. However,
what was striking in this thesis is the low error presentation rate of all the studies
presented here and in this field - even with an interface that is more susceptible to
errors (Oladimeji et al., 2011). Further to that all the studies presented here (except
Study Five) are ideal laboratory studies and give little insight how the DOV effect
might perform in a real-world trial i.e. how robust the effect is once distractions come
into play. The following Chapter Five will present studies to investigate the behaviour
of the DOV effect in relation to distractions.
The results in this chapter revealed important findings based on a new approach to
understanding the errors in context of transcription tasks. This may have significant
implications for the design of tasks in safety-critical systems.
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Chapter 5
Extended studies on design
features with underlying
cognitive processes
“The brain is like a muscle. When it is in use we feel very good.
Understanding is joyous.”
Carl Sagan
5.1 Introduction
The previous chapter presented a series of studies, which investigate the relevance of
the DOV effect to the reduction of number-entry errors in the context of transcription
tasks. These studies are regarded as core experiments of this thesis as they primarily
analyse if the DOV effect itself can be stimulated, detected and what design feature
(Source or Target) is responsible for the effect to be activated.
The results surrounding the DOV effect in an interactive context as presented in
this thesis are a novel contribution to knowledge. That also means that much is still
unknown about this effect and how it ultimately behaves in the real-world despite the
growing body of theories in the literature surrounding it. While Section 4.6 in Chapter
Four presented several avenues for further research it was decided to explore how robust
the DOV effect is once distractions come into play. In terms of real-world distractions
and existing safety protocols, studies, which provide analogous distractions, would be
useful to establish the interplay between these concepts. This was done by introduc-
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ing distractors into the experimental design to divert attention away from the primary
transcription task to increase the errors people make and to get a better understanding
how the effect may behave outside of an ideal laboratory environment.
This chapter presents two studies, which add further knowledge to the core research
questions covered in Chapter Four. The first study (Study Nine) investigated how ro-
bust the DOV effect is related to attention, effort and distractions by introducing two
auditory distractors (numerals and letters). Interesting features in relation to the au-
dio distractors have been discovered, which were not expected. Study Ten then took
the promising results of Study Nine into account and refined the auditory distractors
based on suggestions in the literature. Study Ten evaluated how the DOV reacts once
narrative speech and white-noise auditory distractors are present. This study showed
clearer results in terms of the DOV and its performance in an environment with audi-
tory distractors.
5.2 Experiment 9
In order to examine the behaviour and the potential of the DOV effect as a way to
reduce transcription errors in safety-critical domains, it was decided to consider the ro-
bustness of the effect in a distracting environment, such an environment can be found
in busy hospital wards or on a flight deck. The Air Inter Flight 148 incident (see
Chapter Two) described a situation where all safety layers failed which led to disaster.
Among these layers was a distraction i.e. a moment where the Captain’s attention
was refocused which caused him that led him not to recognise the speed of the aircraft
after a wrong number was entered into the autopilot. Although, a simple task, number
entry still requires focus and attention. Distractors could move attention away from
this task leading to such errors. The DOV has been seen to be effective in what might
be considered ideal laboratory conditions, it may be that there is no benefit from it in
environments when there are competing demands on attention.
Although there is a considerable body of research to understand the dynamics of
attention and how attention can be captured by distractors, arguments have been fo-
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cused on the concepts of early or late selection. One such theory mentions that whether
early or late selection occurs depends on how much perceptual load someone experi-
ences during a task (Lavie, 2005) (see Section 2.2.4 in Chapter Two). In the context of
studying the DOV, it could be the case that presenting the numbers to be transcribed
in an obscured i.e. hard to read format could itself be a source of perceptual load and
therefore lead to less susceptibility to distraction. Nevertheless, it seems that this is not
the case. Lavie and De Fockert (2003) made their stimuli harder to read by reducing
contrast between the text and the black background (similar to Study Five) and also
by reducing the size of the text. They found that, by examining the effect of this on
the processing of visual distractors during a visual search task, there was no effect of
the text format on susceptibility to distractors. Their study has similarities to this one
in that a reduced contrast (faded number) is used to provoke the DOV. In contrast
Study Nine uses a more interactive task, number entry, rather than visual search for a
target as well as auditory distractors rather than visual distractors. Nonetheless, the
results from Lavie and De Fockert (2003) suggest that the stimuli presented here is not
simply influencing perceptual load and therefore influencing awareness of distractors in
that approach.
While some researchers suggest that unlike in visual search tasks where perceptual
load can result in filtering out the distractors in an auditory search task, the auditory
distractors are still perceived regardless of the audio perceptual load (Tellinghuisen &
Nowak, 2003; Murphy et al., 2013). There is also some evidence in the literature
that increased engagement with a task can reduce the effect of auditory distractors
(Halin, Marsh, Haga, Holmgren, & So¨rqvist, 2014a; Halin, Marsh, Hellman, Hellstro¨m,
& So¨rqvist, 2014b). They use the DOV to examine how background speech could
influence people’s abilities to engage in proofreading tasks (Halin et al., 2014a) and
recall tasks (Halin et al., 2014b). In the easy-to-read conditions, participants perform
less well with the auditory distraction. Whereas, in the hard-to-read condition people
perform equally well. This is maybe because speech engages complex processes and so
the DOV effect interferes with some of those processes to reduce the effectiveness of
speech as a distraction. Also, though this work shows promise for the robustness of
the DOV, it should be noted that they contrasted the situation of auditory distraction
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with silence as opposed relevant versus irrelevant distractors.
Nevertheless, similar effects are seen in more “pure” tasks (Soerqvist, 2014) inatten-
tional deafness (Macdonald & Lavie, 2011): people remain unaware of changes to the
auditory environment depending on the visual perceptual load they are experiencing.
The stimuli used in these experiments are much simpler and comparable to the visual
search tasks discussed above and moreover compare irrelevant to relevant distractors.
The role of distractors though, as a changing soundscape, is very different from the
effect of general background speech as a distraction. A pure task as mentioned by
Soerqvist (2014) is a task used in a laboratory study to study basic cognitive functions
such as pressing a response key only if a stimuli is active.
Therefore, auditory distractions have an analogue to the noisy, distracting environ-
ments that motivate this work in that area. The influence of auditory distractions in
relation to the DOV as applied in the number entry task is unknown. Although, Study
Five might hint that a certain degree of noise might inhibit the effect the results of
Study Five were inconclusive as if a single item or a combination of items (manipula-
tion etc.) was responsible for the failure to stimulate the DOV. The DOV may enable
better focusing on the number transcription task and hence reduce errors or it may be
that, for this task, it is unable to block the effect of distractors. The existing psychol-
ogy literature surrounding the DOV suggests the potential of the effect to overcome
auditory distractions but the specific effect in the context of number entry is unknown.
5.2.1 Aims & Hypothesis
The aim of this study was to reproduce the DOV in a number transcription task in
the presence of auditory distractors. The distraction in this study consists of an audio
track, which was played to participants as they took part in the number-entry task.
This study introduces two distinct audio tracks (numerals and letters) as distractions in
two visibility conditions (Clear & Obscured) to investigate the robustness of the DOV
in terms of memory encoding and retrieval. An audio track of numerals is intended to
present a greater distraction in the number entry task than letters as the entry of num-
bers into a device requires the participants to encode and then enter numerals. Hearing
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letters ought not to interfere with this, following Tellinghuisen and Nowak (2003).
The expectation is therefore that numeral distractors will provoke more errors than
letter distractors. However, if the DOV is robust, it should still be seen in both the
numeral and letter conditions, which means that errors should be reduced under both
conditions. This study can be seen as the first step towards investigating the efficacy
of the DOV in real-world settings. The hypotheses for this study were therefore:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : The DOV effect can be reproduced in the number-transcription task.
Hence there would be a significant difference in the number of errors between
the Obscured and Clear conditions.
H2 : Numeral distractors lead to more errors the letter distractors.
5.2.2 Participants
Forty participants (17 women) were randomly recruited by personal invitation in the
Morrell library of the University of York. There were 10 participants in each group.
The sample size was considered adequate as a previously studies showed a highly sig-
nificant effect in a similar experimental set-up (Study Six). All of the participants were
students at the University of York in different departments, except one sales adminis-
trator. Participants were between 19 and 29 years old (mean 24.25; SD 5.12). Five
participants had previous experience in the healthcare sector. Among those were two
nursing students. Four participants stated that they never used a tablet before, one
in the Clear-Letters condition, one in the Obscured-Numerals condition and two in the
Obscured-Letters condition. None of the participants stated that they never used a
touch-based device. All of the people stated that they had normal vision and normal
hearing. One participant in each condition stated that they did not enjoy the task
and only one in the Obscured-Letters condition stated that the task was difficult. All
participants were randomly assigned in to the different groups.
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5.2.3 Number-Transcription Task and Interface
The tasks for this study were framed as a number-entry game on the iPad to enter as
many numbers as quickly and as accurately as possible in a serial interface. The tool
used for this study was identical to that in Study Eight. The number-entry task was
again designed as a game with a score where participants could evaluate themselves
on how well they perform while entering numbers. The score would increase by 100
for each correct number a person entered and decrease by 100 for a wrong number or
for accidentally pressing the enter key identical to Study Eight. Participants had to
enter randomly generated numbers in a range of 0-999.99 (5% without decimal places).
The font-type used to represent the numbers was System Bold as in all the previous
studies. The number-entry interface did not provide any cue as to a potential error
(e.g. double taps on decimals) other than the visible transcribed number in the target
display. However, the log file provided detailed insight into timestamps and all button
presses. The application always used a white background. Participants had a time
limit of five minutes (see figure 5.1).
Figure 5.1: Study 9: Experimental Setup - iPad Interface
5.2.4 Design
A between-subjects design was used for this experiment. The study, had the following
four conditions (as a result of two independent variables): the grade of visibility in
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which the to be transcribed information was presented in either black or grey (same
colour code as Study Eight), and the type of audio track participants had to listen to
while transcribing numbers (Letters or Numerals):
Clear-Letters (CL): In this group participants saw the numbers to be transcribed
in a clear black font while listening to an audio track speaking single letters from the
alphabet.
Clear-Numbers (CN): In this condition people saw the to be transcribed information
in a clear black font while listening to an audio track speaking single numerals.
Obscured-Letters (OL): Participants in this condition saw the to be transcribed
numbers in a grey colour font while listening to the single letters audio track.
And in the Obscured-Numbers (ON) condition, participants listened to the numeral
audio track while transcribing information presented in a grey coloured font.
The dependent variables were again the total numbers entered, the total number of
errors made, including the rate of errors and also the number of corrections made in
each condition.
Provided by the results of Study Eight, it should be noted that the manipulation in
Study Nine was only present at the source of the presented numbers not at the target
display!
5.2.5 Materials
Participants were given paper based instructions and an informed consent form (see
Appendix C.1.1) to read and to sign before proceeding to the training and the main
task. A Google demographic questionnaire (see Appendix C.1.2) was given to par-
ticipants after the study. The research instrument used for this study was an iPad2
running iOS 6.3.5. Additionally, this experiment required participants to listen to one
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of two audio tracks: one with random numerals and another one with random letters.
The audio track consisted of a string of numerals or letters. The audio track lasted
for as long as the experiment ran (five minutes) and with each letter or numeral being
read out with a one-second gap. Both tracks were set-up as a MS Word document
and then read by the inbuilt voice of the used Macbook Pro. For this purpose Apple’s
Samantha voice package was downloaded and installed prior to the study as this voice
showed the closest resemblance to a human voice. The numerals read to participants
were random single numerals from 0 to 9. The letters were random single letters from
the whole alphabet.
Unlike the experiments tailored to the study of distraction in either visual or au-
ditory search, it was not possible to tightly synchronise the timing of the auditory
distractors to the number-entry task. This was because of the difference between a
visual search task and a number transcription task. In a visual search task, the par-
ticipant simply has to respond to having found the target. In a number transcription
task, the participant needs to make a series of key presses and that may depend on the
participants typing speed as well as any of the intended manipulations. The headset
used was a Somic Stereo ST-908 and a smart-phone was used to manage the time.
5.2.6 Procedure
The experiment was conducted in a controlled study room in the library. All partici-
pants were run in individual sessions, which were managed by personal invitation. Each
participant was first welcomed and then given a copy of the informed consent form and
the instructions to read and to sign. This was then followed by participants entering six
training numbers while listening to the specific audio track (either letters or numerals).
Participants were then asked to enter the given numbers in one of the four conditions
within five minutes as quickly as possible. The experimenter stopped the participant
after the five minutes were up. After finishing the main number-entry task, partici-
pants were asked to complete the demographic questions followed by the debriefing of
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the study.
5.2.7 Pilot
A small pilot with two students revealed minor procedural errors. The data retrieval
process from the iPad was sensitive to the applications memory. It was necessary to
check if the data was written to a log file (otherwise the data in the memory would have
been overwritten) and double check the data after it was copied off the device. Alter-
natively, it was also possible to copy the complete data-set at once after the complete
study. As usual people who participated in the pilot were excluded from the main study.
5.2.8 Results
Again the data which is analysed in this study is non-parametric data (error-data). As
this analysis is looking for two-way effects, a Analysis of Variance (ANOVA) is the
suitable test, as there is no well established test for non-parametric data. However,
main effects where they are seen in the ANOVA are confirmed with a non-parametric
Mann-Whitney test.
3680 numbers were entered in total during the study, which resulted in 66 total
errors and an error-presentation rate of 1.8%. 957 numbers were entered in condition
Clear-Letters (19 errors), 844 in condition Clear-Numbers (23 errors), 914 in condi-
tion Obscured-Letters (14 errors) and 925 in condition Obscured-Numbers (10 errors),
respectively. Table 5.1 illustrates the relevant descriptives in relation to the total num-
bers entered in each condition.
Visibility
Clear Obscured True Mean
Audio
Letters 95.70 (21.81) 91.40 (16.49) 93.55 (18.95)
Numbers 88.40 (17.90) 92.50 (13.20) 90.45 (15.45)
True Mean 92.05 (19.77) 91.95 (14.54)
Table 5.1: Study 9: Descriptives: Mean (SD) for the total numbers entered
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An alpha level of 0.05 was used for all statistical tests. The data was analysed using
the ANOVA, with the grade of the visibility and the type of audio distraction as unre-
lated samples variables. In regards to the numbers entered in total, there was no main
effect of visibility, F (1, 36) = 0.0; p = 0.99; η2p < 0.01), with those in the Obscured con-
ditions transcribing slightly more numbers than in the Clear conditions but not signif-
icantly. There was also no main effect for audio F (1, 36) = 0.309; p = 0.58; η2p < 0.01),
with a few more numbers entered in the letters conditions but again not significantly
more than in the numbers conditions. There was also no interaction effect (Visibility
X Audio) F (1, 36) = 0.568; p = 0.46; η2p = 0.016 (see figure 5.2).
Figure 5.2: Study 9: Boxplot of total numbers entered by each participant in each
condition.
In regards to the total errors made, there was a marginal main effect of visibility,
F (1, 36) = 4.084; p = 0.051; η2p = 0.10), with those in the Obscured conditions making
marginally fewer errors than participants in the Clear conditions. This main effect
was confirmed by the Mann-Whitney test (p = 0.04;W = 272.5). There was however
no main effect for audio F (1, 36) = 0.0; p = 1.0; η2p < 0.001), with both audio tracks
causing participants to commit about the same amount of errors. There was no inter-
action effect (Visibility X Audio) F (1, 36) = 0.807; p = 0.38; η2p = 0.022) (see figure
5.3). The following table 5.2 illustrates the descriptives regarding the total errors made
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by condition:
Visibility
Clear Obscured True Mean
Audio
Letters 1.90 (1.10) 1.40 (1.43) 1.65 (1.27)
Numbers 2.30 (1.70) 1.00 (1.34) 1.65 (1.63)
True Mean 2.10 (1.41) 1.20 (1.36)
Table 5.2: Study 9: Descriptives: Mean (SD) for the total errors made
Figure 5.3: Study 9: Boxplot of total errors made by each participant in each condition.
Thirteen participants made no errors during the entire study. Two participants
made no errors in the Clear-Letters condition, two participants made no errors in the
Clear-Numbers condition, four participants made no errors in both the Obscured-Letters
condition whereas five participants made no errors in the Obscured-Numbers condition
(68% of the participants made at least one error). The highest error-count was recorded
in the Clear-Numbers condition.
In regards to the error-rate, there was a marginal main effect of visibility, F (1, 36)
= 2.31; p = 0.06; η2p = 0.09). There was no main effect for audio F (1, 36) = 0.005; p =
0.95; η2p < 0.001) and no interaction effect F (1, 36) = 1.18; p = 0.285; η
2
p = 0.032 (see
figure 5.4). A Mann-Whitney test confirmed the marginal effect of visibility on error
rate (W = 264.5; p = 0.078).
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Figure 5.4: Study 9: Boxplot of the error rate by each participant in each condition
Participants made in total 268 corrections during the study. 75 corrections were
made in condition Clear-Letters, 42 in condition Clear-Numbers, 90 in condition Obscured-
Letters and 61 in condition Obscured-Numbers, respectively. The highest amount of
corrections made by a participant was 23 (resulting in 0 errors) in the Obscured-Letters
condition.
In regards to the total corrections made, there was no main effect of visibility, F (1,
36) = 1.565; p = 0.22; η2p = 0.042), with those in the Obscured conditions making more
corrections than participants in the Clear conditions but not significantly more. Table
5.3 shows the descriptives in relation to the total corrections. There was however a
main effect for audio F (1, 36) = 5.202; p = 0.03; η2p = 0.13), with participants making
significantly more corrections in the letters conditions than the numbers conditions,
which the Mann-Whitney test confirmed (W = 275; p = 0.04;). There was also no in-
teraction effect (Visibility X Audio) F (1, 36) = 0.022; p = 0.88; η2p < 0.001) (see figure
5.5).
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Figure 5.5: Study 19: Boxplot of the total corrections made by each participant in each
condition
Visibility
Clear Obscured True Mean
Audio
Letters 7.50 (3.72) 9.00 (6.20) 8.25 (5.04)
Numbers 4.20 (2.04) 6.10 (4.18) 5.15 (3.35)
True Mean 5.85 (3.38) 7.55 (5.36)
Table 5.3: Study 9: Descriptives: Mean (SD) for the total corrections made
The following table 5.4 presents a summary of the errors participants made classi-
fied according to Wiseman et al. (2011)) and structured in the four conditions.
160
5.2 Experiment 9
Table 5.4: Study 9: Table of number-transcription errors
5.2.9 Discussion
This study aimed to replicate the DOV in a number-transcription task and additionally
investigate its robustness in the presence of audio distractors. The results show that
the total number of errors made was reduced by the DOV and the error-rate was also
marginally reduced as well.
Moreover, this is not a speed-accuracy trade-off with participants slowing down in
order to be more accurate which aligns with identical effects in Study Four, Six and
Eight. Although these results reflect the ones from previous studies they are not so
unequivocal. Of course, the main difference is that the current task was done in the
presence of an audio distraction. Though the intention was that the letters would be
less distracting than the numerals, this does not seem to have come through in the
measures used. There are no main effects of audio distractors on either the total er-
rors made or the error rate. The overall error-presentation rate was 1.8% and is again
equally low compared to previous studies.
A possible explanation could be that some way the numeric distractors also con-
tributed to the DOV by increasing focus and concentration on the task. This would
mean that the numeric distractors were not sufficiently distracting. There are indica-
tions in the literature that people process distractors depending on the type of process-
ing demands. Specifically, Lavie and De Fockert (2003) found that higher perceptual
load stimuli in a “relevant” task reduced the processing of “irrelevant” distractors.
In general this could be transferred to this study. It appears that numeric distrac-
tors are somewhat task relevant to numerical entry whereas letters are not which is
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reflected in the hypothesis. Therefore the implication would be that the task is not
sufficiently demanding so that all distractors are being processed equally. However,
Lavie and De Fockert (2003) were limited to the visual domain only.
In the mixed modality domain, Tellinghuisen and Nowak (2003) found no reduction
in the effect of distractors depending on visual load but even so the effect of distractors
was dependent on the relevance of the distractors to the task in hand. This is therefore
an interesting feature contrasting with the existing literature that encourages further
exploration but cannot be examined in any more detail from the data here as it was
not the primary focus of this study.
If it is therefore the case that letters and numerals are equally distracting for the
number-entry task, then the spoken numerals are not more relevant than the spoken
letters. This may be because numbers can be multiply represented by people as strings
of digits, spoken words or spatially (Dehaene, 1997) and the spoken representation of
numerals is not used in the number-entry task.
Alternatively, it might be that all auditory distractors are equally intrusive for this
task but this might perhaps have led to a higher error-rate overall than previous stud-
ies, which was not the case. In fact, given the generally lower error-rate, it may be
that there was some increased engagement as a consequence of the distracting audio
and the DOV could only marginally improve upon this.
The only significant difference due to distractors was in corrections with partici-
pants making significantly more corrections (both totally and as a rate of corrections)
when listening to the letters distractors. If anything, this suggests that letters were
more distracting than numerals but in such a way that participants were able to catch
the errors for themselves.
This might be a result of interference between the motor memory to type a letter
with the intention to type a particular digit (Salthouse & Saults, 1987) or perhaps an in-
dication that letters and numerals are processed differently (Dehaene, 1997). However,
this is essentially a surprising result that would need substantially more investigation
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before a more insightful explanation can be provided and therefore remains speculation
at this point.
Table 5.4 showed a summary of the different types of errors that participants made
structured according to previous work in the field (Wiseman et al., 2011). Trans-
position errors seem to happen across the conditions indicating possible motor skill
dependence (Salthouse & Saults, 1987). Whereas missing digit errors only occurred in
one of the clear conditions indicating what could be seen as possible encoding errors.
Similarly, wrong digit errors also seemed to occur more in both clear conditions.
However, due to the few number of occurrences of errors these differences can also
only be seen as indicative but not conclusive. These could however be used as working
hypotheses to consider in future studies.
The results presented here support a potential effect of the DOV in improving
number transcription accuracy, even in the presence of auditory distractors. The effect
size is modest and only marginally significant but bearing in mind the safety-critical
context, which motivated this thesis, where number entry is a widespread and accuracy
dependent task, even small effects of this kind can be of importance.
Notably, Study Nine only used the manipulation to provoke the DOV at the source
not the target. Further strengthening the previous argument that the DOV is in fact
source related.
A previously mentioned, the DOV is a novel interactive way to reduce errors and
therefore much is yet to be explored of how the effect behaves. This thesis is the
first attempt to map this unchartered territory but there is still some way to go from
definitively establishing the robustness of the effect. In particular, that the numeral
distractors were not more distracting than the letter distractors is surprising and it may
even be the case that any auditory distraction for this task can be effectively screened
out. It may indeed be the case that when it comes to the number transcription task,
it brings its own focusing effect that is therefore naturally resistant to distraction. It
would be worth comparing this with other interactive tasks to see if it is possible to
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perceive the effectiveness of distractors in this context.
Study Nine successfully replicated the DOV effect and further investigated its ro-
bustness once levels of distractions are present. However, the effect was only beginning
to manifest itself as results were marginal. Surprising facts of the used distractors were
revealed yet require further investigation as current explanations have to be viewed
with care. The absence of control conditions which only examine the DOV effect on
its own in contrast to the auditory distractors is considered a limitation of Study Nine.
The following Study Ten will further examine the DOV effect and was aimed to
provide further knowledge as to how the effect behaves in an distracting environment.
Different distractors are chosen based on previous work in the literature with the in-
tention to have more effective distractors present. The following experimental design
also provides control groups to be able to examine the effects more clearly.
5.3 Experiment 10
The previous Study Nine has shown that the DOV effect may still be seen in a dis-
tracting environment. This finding presents a first indication on how the effect would
behave in real-world busy environments were distractions are constant such as hospital
wards. However, there were issues with the chosen auditory distractors. The numeric
distractors were not, as expected, more distracting than the letters and even the letters
distractors did not have a significant effect on the errors or on the error rate but only
on the corrections raising questions about the effectiveness of the chosen distractors.
It was therefore decided to run a follow-up study with alternative, what was believed
more effective, auditory distractors namely white-noise and narrative speech.
The auditory distractors in Study Nine seemed sensible by comparison with the
literature on perceptual load and distraction. However, the stimuli in Study Nine were
not very realistic and the task itself is interactive which could explain why the stimuli
were not powerful enough. Because of this reason, Study Ten moved towards more
effective and known to be more reliable effects namely white-noise and narrative-speech
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which can be compared to a general hub of noise. Study Ten moved towards possibly
more effective stimuli for a wider range of tasks.
The literature presents evidence that non-task related auditory stimuli i.e. irrel-
evant sound has the capacity to break selective attention and even impair cognitive
processes (Banbury, Macken, Tremblay, & Jones, 2001). Studies Nine and Ten can
be seen as falling under what Banbury et al. (2001) described as the irrelevant sound
paradigm. This paradigm describes studies which have a short-term memory task where
participants have to recall visually presented items for example numbers or words but
in an environment where auditory distractions such as white-noise or narrative speech
are introduced. The studies in Chapter Five have identical characteristics but lack the
active recall task. Nevertheless, according to the surrounding literature and the estab-
lished findings in this thesis on how the DOV works it is assumed that participants use
the same memory encoding processes only strengthened by the DOV.
White-noise as irrelevant background noise is one of the common distractors found
in studies related to attention and task performance (Salame & Baddeley, 1989). It
consist of a continuous sound of equal levels in every frequency. However, the effec-
tiveness of white-noise as a distractor on cognitive processes are not clear (Jones &
Broadbent, 1991). While some researchers present significant interference effects of
white-noise (Salame & Baddeley, 1989; Jones, Madden, & Miles, 1992) others report
minor effects or no effects at all (Beaman, 2005). For example, Dalton and Behm
(2007) report that white-noise can result in both distractions and increased stress.
Smith (1988) presented results that white-noise reduced performance during a num-
ber detection tasks and further interfered with an estimation task. Whereas Harrison
and Kelly (1989) report that white-noise improved performance compared to no audio
conditions. Additionally, Soederlund, Sikstroem, Loftesnes, and Sonuga-Barke (2010)
found that white-noise improved task performance in inattentive children, but signifi-
cantly impaired those who were normally attentive. Despite the variances of the effect
of white-noise as a distractor it was chosen for this study as one level of distraction.
Narrative speech in contrast to white noise has a much more consistent record on its
effect on task performances (Salame & Baddeley, 1982; Szalma & Hancock, 2011). For
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example, if narrative speech is included as a distractor during irrelevant sound studies
i.e. studies with a recall task, accuracy can decline to 50% or even to 30% (Ellermeier
& Zimmer, 1997). According to Banbury et al. (2001) this result is reliable in mul-
tiple experiments. Jones, Marsh, and Hughes (2012) showed that memory retrieval
was significantly impaired once semantically meaningful narrative speech was present
in contrast to no audio. This was however not the case once semantically meaningless
speech such as reversed narrative speech was present. Such a semantic effect was also
detected in multiple other experiments (Jones, Miles, & Page, 1990; Soerqvist, Noestl,
& Halin, 2012). This could be a further explanation why the letters distractor did not
have the expected effect on errors in Study Nine as it lacked semantic meaning. Macken,
Phelps, and Jones (2009) discussed narrative speech in contrast to working memory per-
formance and state that an interference in such performance by narrative speech is due
to the competition of task relevant information and task irrelevant information during
recall (Szalma & Hancock, 2011). Perhaps this is in line with the perceptual load theory
as previous studies have found that tasks with low perceptual load leave spare capacity
which is then used for the processing of task irrelevant information, whereas tasks with
high perceptual load consume all the capacity which results in no available space left
for processing task irrelevant information (Lavie, 1995). Mack and Rock (1998) found
that reduced perceptual processing of task irrelevant information in high perceptual
load leads to “inattentional blindness” i.e. failure to recognise distractors partially or
completely during tasks ((Lavie, Lin, Zokaei, & Thoma, 2009; Macdonald & Lavie,
2011). In general, speech can be distracting and to some degree even task irrelevant
speech is processed as seen in the “Cocktail Party Effect” (Norman, 1968). This effect
shows the ability of humans to tune into conversations and to filter out other conversa-
tions in a noisy environment by grasping specific auditory stimuli for example the name
of a person. For the above mentioned reasons and its well known effects in the litera-
ture narrative-speech was therefore chosen as a second level of distraction for this study.
5.3.1 Aims & Hypotheses
The aim of this study was to reproduce the DOV effect in a number transcription task
identical to Study Nine. This study also aims to investigate how robust the detected
DOV effect is in two different levels of distraction. In theory, the DOV effect is built
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upon deeper cognitive processes which result in better memory encoding and retrieval
of the to-be-transcribed disfluent information. Study Nine indicated that even in the
presence of distractions the DOV may still be seen.
It is expected that the two levels of auditory effects have significant interference ef-
fects on the number of errors and the error-rate in this experiment. Based on previous
findings in the literature it is expected that narrative speech has a higher distracting
impact on the task performance. The hypotheses for this study are therefore:
H0 : There is no difference in any of the evaluated conditions. The manipulations
do not have any effect.
H1 : The DOV effect can be reproduced in the number-transcription task.
Hence there is a significant difference in the error-rate between the Obscured
and Clear conditions.
H2 : The audio distractors influence the errors and error-rate.
5.3.2 Design
A between-subjects design was used for this experiment. This study had the following
six conditions resulting out of two independent variables the grade of visibility in which
the to-be-transcribed information was presented (either black or grey) and the type of
audio track participants had to listen to while transcribing numbers (no audio, white-
noise or narrative-speech). The two groups with no audio acted as control groups in
this experiment. Identical to Study Nine this study also only used the manipulation at
the source.
Clear-NoAudio: In this group participants saw the numbers to be transcribed in a
clear black font but no audio track was played. Participants were instead instructed to
wear the headphones to shield from outside noise.
Clear-WhiteNoise : In this condition people saw the to be transcribed information
in a clear black font while listening to white-noise (more specific details on the audio
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file used can be seen in Section 5.3.4).
Clear-NarrativeSpeech : In this condition people saw the to be transcribed informa-
tion in a clear black font while listening to narrative-speech (again details can be seen
in Section 5.3.4).
Obscured-NoAudio: Participants in this condition saw the to be transcribed numbers
in a grey faded colour font but no audio track was played. Participants were instead
instructed to wear the headphones to shield from outside noise.
Obscured-WhiteNoise : Participants in this condition saw the to be transcribed num-
bers in a grey faded colour font while listening to white-noise.
Obscured-NarrativeSpech : In this condition people saw the to be transcribed infor-
mation in a grey faded colour font while listening to narrative-speech.
The dependent variables in this study were identical to the previous one: the total
numbers entered; the total errors made; the total error rate; the total corrections made
5.3.3 Participants
Ninety participants (65 women), fifteen in each condition, were randomly recruited by
personal invitation in the library of the University of York. All of them were students in
different departments except for one accountant. Participants were between 19 and 25
years old (mean 22.89; SD 3.4). Six people stated that they were familiar with infusion
pumps and twenty-eight had previous experience in the healthcare sector. All of the
participants had previously used a touch-based device and mentioned that they had
normal vision. Only two participants mentioned that they did not consider themselves
as having normal hearing (these two participants did not perform differently in the
experiment). Two participants in the ObscuredNoAudio condition stated that they did
not enjoy the task and none stated that the task was difficult. All participants were
randomly assigned to a group.
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5.3.4 Number-Transcription Task, Materials and the Interface
The tasks set for this experiment were identical to the previous Study Nine. Partic-
ipants had to enter as many numbers as possible using a Serial interface. The given
time frame for the task was six minutes. This time-scale was chosen in relation to
Study Nine to increase the amount of error error-data available for analysis.
Consistent to the previous studies participants were given the paper-based instruc-
tions and an informed consent form to read and to sign before proceeding to the training
and the main task. The two different forms can be seen in the Appendix (C.2.1 and
C.2.2). The difference in the forms was only the in the headset instructions. One
group was told the purpose of the headset was to shield against outside noise and the
other was told that they had to perform the transcription task while listening to an
audio track. An on-line Google demographic questionnaire was given to people after
the study was completed. The questionnaire can be seen in Appendix C.2.3.
The research instrument used for this study was an iPad Mini 2 running iOS 8.4.
Additionally, this experiment required participants to listen to two audio tracks: white-
noise and narrative-speech. The white-noise file was a ten hours constant track taken
from Youtube (https://www.youtube.com/watch?v=wzjWIxXBs_s). Additionally, by
searching for a piece of narrative that would be freely available and of general interest
of somebody speaking clearly as well as articulately the commencement speech of Ad-
miral William H. McRaven was chosen as it had some attributes of value. The speech
of Admiral McRaven to University of Texas graduates in 2014 is engaging and slightly
humorous as it presents his career experience as guidance for the graduates. The file
was always played from 4:49 for the duration of the task (six minutes) and can also
be accessed on Youtube (https://www.youtube.com/watch?v=pxBQLFLei70). Both
tracks were set-up via a Macbook Pro and a headset (Somic Stereo ST-908). A smart-
phone was used as a stopwatch.
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5.3.5 Procedure
Identical to previous experiments, each participant was first welcomed and then given
a copy of the informed consent form and the instructions to read and to sign. This
was then followed by participants entering three training numbers while listening to the
specific audio track (depending in which condition either white-noise, narrative-speech
or no audio at all). Participants were then asked to transcribe the given numbers
in one of the six conditions within the given time-frame. The experimenter stopped
the participant after the six minutes were up. After finishing the main number-entry
task, participants were asked to complete the demographic questions followed by the
debriefing of the study.
5.3.6 Pilot
The study was piloted by two graduate students at the University of York. No flaws
or technical problems were detected. Both pilot participants did not take part in the
main study.
5.3.7 Results
As in previous studies, the data which is analysed in this study is also non-parametric
data (error-data). As this analysis is looking for two-way effects, a (2 x 2) Analysis of
Variance (ANOVA) is again the suitable test, as there is no well established test for
non-parametric data. If main effects are seen in the ANOVA they are confirmed with
the appropriate non-parametric tests (Mann-Whitney & Kruskal-Wallis).
In total, 10287 numbers were entered during the study, which resulted in 185 total
errors and a total error-presentation rate of 1.8%. Table 5.5 shows the total numbers
entered and the corresponding errors per condition and table 5.6 illustrates the relevant
descriptives in relation to the total numbers entered in each condition.
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Visibility
Clear Obscured
Audio
NoAudio 1679 (36) 1760 (20)
WhiteNoise 1676 (24) 1755 (20)
NarrativeSpeech 1659 (46) 1558 (39)
Table 5.5: Study 10: Total numbers entered (total errors made) per condition
Visibility
Clear Obscured True Mean
Audio
NoAudio 111.94 (18.32) 117.34 (13.68) 114.64 (16.12)
WhiteNoise 111.74 (11.20) 117.00 (18.30) 114.37 (15.15)
NarrativeSpeech 110.60 (18.48) 117.20 (17.84) 113.90 (18.16)
True Mean 111.43 (15.99) 117.18 (16.35)
Table 5.6: Study 10: Descriptives: Mean (SD) for the total numbers entered
Again an alpha level of .05 was used for all the following statistical tests. In re-
gards to the numbers entered in total, there was no main effect of visibility, F (1, 84) =
2.722; p = 0.10; η2p = 0.031), with those in the Obscured conditions transcribing slightly
more numbers than in the Clear conditions but not significantly. There was also no
main effect for audio F (1, 84) = 0.015; p = 0.98; η2p < 0.001), with a few more numbers
entered in the NoAudio & WhiteNoise conditions than in the NarrativeSpeech condi-
tion but again not significantly more. There was also no interaction effect (Visibility
X Audio) F (1, 84) = 0.015; p = 0.98; η2p < 0.001 (see figure 5.6).
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Figure 5.6: Study 10: Boxplot of total numbers entered by each participant in each
condition.
In regards to the total errors made, there was a marginal main effect of visibil-
ity, F (1, 84) = 3.772; p = 0.055; η2p = 0.04), with those in the Obscured conditions
making marginally fewer errors than participants in the Clear conditions. This main
effect was not confirmed by the Mann-Whitney test (W = 1187.5; p = 0.15). There
was however also a main effect for audio F (1, 84) = 6.897; p = 0.002; η2p = 0.14), with
the NarrativeSpeech audio distractor causing participants to commit more errors than
WhiteNoise or NoAudio. This main effect could be confirmed by the Kruskal-Wallis
test (H = 17.35; p < 0.001). There was no interaction effect (Visibility X Audio)
F (1, 84) = 0.605; p = 0.54; η2p = 0.01) (see figure 5.7). The following table 5.7 illus-
trates the descriptives regarding the total errors made by condition:
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Visibility
Clear Obscured True Mean
Audio
NoAudio 2.40 (1.84) 1.34 (1.05) 1.87 (1.57)
WhiteNoise 1.60 (1.76) 1.30 (0.82) 1.46 (1.36)
NarrativeSpeech 3.07 (1.75) 2.60 (1.24) 2.83 (1.51)
True Mean 2.36 (1.85) 1.76 (1.19)
Table 5.7: Study 10: Descriptives: Mean (SD) for the total errors made
Figure 5.7: Study 10: Boxplot of total errors made by each participant in each condition.
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Twelve participants (13%) made no errors during the entire study that means that
87% were susceptible to errors. The highest error-count (9) was recorded in the Clear-
NarrativeSpeech condition.
In regards to the error-rate, there was a main effect of visibility, F (1, 84) = 4.755; p =
0.03; η2p = 0.05). This main effect could be confirmed by the non-parametric Mann-
Whitney test (W = 1260.5; p = 0.04). There was also a main effect for audio F (1, 84) =
7.796; p < 0.001; η2p = 0.16) which could also be confirmed by the Kruskal-Wallis test
(H = 18.48; p < 0.001). Again no interaction effect (Visibility X Audio) F (1, 84) =
0.643; p = 0.53; η2p = 0.02 could be detected (see figure 5.8). Table 5.8 shows the de-
scriptives regarding the total error-rate made by condition.
Figure 5.8: Study 10: Boxplot of the error rate by each participant in each condition
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Visibility
Clear Obscured True Mean
Audio
NoAudio 0.021 (0.016) 0.012 (0.011) 0.016 (0.014)
WhiteNoise 0.014 (0.014) 0.012 (0.007) 0.013 (0.011)
NarrativeSpeech 0.028 (0.013) 0.022 (0.011) 0.025 (0.012)
True Mean 0.021 (0.015) 0.015 (0.011)
Table 5.8: Study 10: Descriptives: Mean (SD) for the total error rate
Participants made in total 907 corrections during this experiment. The highest
amount of corrections made by a participant was 25 (resulting in 1 error) in the
Obscured-NoAudio condition. Table 5.9 shows the corrections per condition and table
5.10 shows the descriptives in relation to the total corrections made in each condition.
Visibility
Clear Obscured
Audio
NoAudio 195 146
WhiteNoise 153 162
NarrativeSpeech 157 94
Table 5.9: Study 10: Corrections made per condition
Visibility
Clear Obscured True Mean
Audio
NoAudio 13.0 (6.12) 9.7 (6.98) 11.4 (6.66)
WhiteNoise 10.2 (4.39) 10.8 (5.89) 10.5 (5.11)
NarrativeSpeech 10.5 (6.89) 6.3 (4.32) 8.4 (6.04)
True Mean 11.2 (5.89) 8.9 (6.03)
Table 5.10: Study 10: Descriptives: Mean (SD) for the total corrections made
In regards to the total corrections made, there was a marginal main effect of visi-
bility, F (1, 84) = 3.430; p = 0.06; η2p = 0.04), with those in the Obscured conditions
making fewer corrections (103) than participants in the Clear conditions but only
marginally significantly fewer. This effect was confirmed by a Mann-Whitney test (W =
1246.5; p = 0.05). There was no main effect for audio F (1, 84) = 2.081; p = 0.13; η2p =
0.04), with participants making fewer corrections in the Obscured-NarrativeSpeech con-
ditions than the other conditions. There was also no interaction effect (Visibility X
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Audio) F (1, 84) = 1.414; p = 0.25; η2p = 0.03) (see figure 5.9).
Figure 5.9: Study 10: Boxplot of the total corrections made by each participant in each
condition
5.3.8 Discussion
This study was aimed to further investigate how the DOV effect would behave once
auditory distractions are introduced into the environment. It had the alternative hy-
pothesis (H1) that the DOV effect could be reproduced in a number-transcription task
as in an earlier studies. This would be seen in a significant difference in the error-
rate between the Clear and the Obscured conditions. Moreover, it was expected that
the distractors have a significant impact on the performance of the participants in the
task i.e. the total number of errors and the error-rate (H2). In detail, it was expected
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that the narrative-speech distractor would have a stronger distracting effect than white-
noise. How the DOV effect would react to the two levels of distractions (white-noise
and narrative-speech) was unknown. A further set of no audio groups acted as control
condition.
Results showed that participants did not enter significantly different amounts of
numbers in the different conditions. This is in line with previous studies (Four, Six,
Eight and Nine) where the DOV was present indicating no speed-accuracy trade-off.
By examining figure 5.6 there seems to be a downwards trend of numbers entered in the
Clear-WhiteNoise condition which is however not reflected in the descriptives presented
in table 5.6.
Overall, the study presents a low overall error presentation rate of 1.8% adding to
previous studies in this field despite the presence of distractors. In terms of total errors
made the DOV was only marginally present but the non-parametric Mann-Whitney
test did not confirm an effect. However, the audio distractors worked in this study as
there was a main effect for audio. Participants made significantly more errors in the
narrative-speech condition than in the others as expected. However, the white-noise
distractor did not seem to have an effect as by examining table 5.6 the means of both
white-noise conditions are the lowest of the audio conditions in terms of errors. A result
that can be seen in previous work (Harrison & Kelly, 1989). The fewest errors were seen
in the Obscured-NoAudio and in the Obscured-WhiteNoise conditions further indicating
an effect of the DOV coming through and perhaps an inability of white-noise to distract.
The DOV was clearly seen by taking the error-rate into account which could also
be confirmed by the Mann-Whitney test. There was a clear significant difference be-
tween the Clear and Obscured conditions in terms of error-rate. The main effect for
audio could also be seen and confirmed by the non-parametric Kruskal-Wallis test.
People made more errors in the narrative-speech conditions. The unequal effect of the
auditory distractors could again be based on how the distractors are processed or how
much resources they need to be processed (Lavie & De Fockert, 2003). It could be that
the task irrelevant white-noise simply was not demanding enough to be processed at
the same level as narrative-speech. A much more prevailing explanation is simply the
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presence of the DOV effect and the possible relation of the effect to the perceptual load
theory (Lavie, 2005). The deeper cognitive processes and therefore the better encoding
of the visually perceived information could have resulted on more working memory
capacity being available. Therefore more capacity was available to process irrelevant
information faster or perhaps the irrelevant information was screened out early (early
selection) (Lavie, 2005). Another explanation would be that white-noise distractor was
equally distracting in the first place but the DOV reduced its effect to the same level
as no distractor was present. However, if that was the case than the Clear-WhiteNoise
condition should show an increase in errors which it did not.
Perhaps white-noise induces the DOV. It could be that white-noise is just making
it harder to concentrate for participants and therefore invokes System 2 processes re-
sulting in the decrease of errors. Or perhaps white-noise has an effect of helping to
focus which has nothing to do with the DOV. Therefore participants made fewer errors
which subsequently left fewer opportunities for the DOV to come into play.
By focusing on the distractors it could be seen that in each audio condition there is a
reduction in errors where the to-be-transcribed numbers were presented in an obscured
form. All the error-rates are low at a level of the control group Obscured-NoAudio. Ex-
cept the one in narrative-speech. In the narrative-speech conditions all error-rates are
up at the same level as Clear-NoAudio. In case the DOV effect would only be present
in the no audio condition then an interaction effect and not a main effect would be seen
which was not the case. As a consequence the DOV is working across the conditions.
In conclusion, there is an overall effect of the DOV across all conditions which is most
pronounced in the control groups (Clear-NoAudio & Obscured-NoAudio) and having
some effect in the other conditions but this can only be seen in aggregate. Yet the ques-
tion arises, which audio distractor can be found more prominently in the real-world?
Participants in all Obscured conditions made fewer errors then in the Clear condi-
tions which adds to the key finding that the DOV could be seen, although in aggregate,
in number transcription tasks regardless of narrative-speech or white-noise distractors.
Perhaps, the DOV can even be a focusing instrument that can essentially screen out
certain distractors of having any effect in the first place such as white-noise or specific
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distractors are actually part of the effect itself.
Participants made significantly more errors in the narrative-speech condition. It
might be that the narrative-speech was semantically meaningful to participants and
therefore had such a distracting effect (Jones et al., 2012). Given the fact that the
narrative was a slightly humorous story told by Admiral McRaven (see Section 5.3.4),
although irrelevant to the task, may have captured the attention of participants to such
an extent that they made more errors. This possibly resulted in influencing the DOV
effect.
Hughes, Vachon, Hurlstone, Marsh, Macken, and Jones (2011) report that mak-
ing the primary task more attentionally-demanding by making the to-be remembered
items (digits or letters) harder to read would result in participants slowing down i.e.
a speed-accuracy trade-off but the effects of the audio distractor would diminish. The
DOV could require a certain level of attention which would account for such an effect.
In relation to Hughes et al. (2011) a speed-accuracy trade-off might indicate this but
was not seen in the study presented here. It should be mentioned that the study by
Hughes et al. (2011) was however a serial recall task.
In terms of corrections there was a main effect for visibility although marginal the
effect was confirmed by the Mann-Whitney test. This means that obscuring the to-be
transcribed information had a direct impact on now many corrections participants made
in this study. Overall, fewer corrections were made in the Obscured conditions except
in the Obscured-WhiteNoise conditions. Earlier in Study Nine it was speculated that
the DOV effect, being a source related effect, with having only the source manipulated
in Study Nine and Ten this can now be seen as established. People make fewer errors
in the first place therefore make fewer corrections due to deeper cognitive processes.
The higher mean in the Obscured-WhiteNoise can be explained by the better encoding
of the to-be-transcribed information and therefore people would detect that they made
an error and correct themselves. No main effect of audio not an interaction effect was
detected. That means that the distractors did not have any influence on how many
corrections people made. Another reason why the mean in the Obscured-WhiteNoise
was higher could be a simple motor movement effect that causes participants to make
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more errors and therefore more corrections (Salthouse & Saults, 1987).
5.4 Summary
This chapter has presented two studies that focused on further extending the knowledge
of the DOV effect in an interactive number-transcription task. Study Nine successfully
replicated the DOV effect and further investigated its robustness once levels of dis-
tractions are present. However, no effect of the auditory distractors on the errors and
error-rate made by participants could be detected. The only effect that the distrac-
tors had was the letters distractor on the total corrections made in the study. This
raised questions about the effectiveness of the chosen distractors. While there were
explanations for the results in the literature it was decided that more effective auditory
distractors are needed to further examine the robustness of the DOV effect.
The second study (Study Ten) employed two levels of auditory distractors white-
noise and narrative-speech. Both distractors were well established in the literature of
being effective on the task performance. Yet, the effects of white-noise are not clear
and still debated in the literature. Nevertheless, the DOV could be seen across all the
conditions. However, in detail only the control conditions showed a clear presence of
the DOV. Although narrative-speech increased the errors and the error-rate more than
other distractors people made still fewer errors in the individual Obscured condition
(although not significantly except in the control conditions). As hinted in the literature
but not directly expected the white-noise distractor did not have a greatly distracting
effect. Surprisingly, it may be that white-noise might itself be a part of the DOV and
therefore did not have a distracting effect. Table 5.9 shows a summary of the two
studies.
The results of both studies indicate that the DOV has the potential to provide
real-world benefits in safety critical domains, for example by obscuring drug prescrip-
tions to promote more careful number entry into syringe pumps. Although studies in
Chapter Four and Five have presented evidence that there might be a novel way to
make transcription tasks more accurate by counter-actively presenting the information
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in a harder to read font colour, much is still unknown about the dynamics of this effect.
More work is required to understand the full application (i.e. benefits and limitations)
of this novel approach.
A real-world application of disfluency relies on the results of further investigation
into the long-term use of the technique, and the potential interplay between disfluency,
real-world distractions, and existing protocols. Further investigation is needed to es-
tablish if the effects of disfluency change over time, i.e. do people become immune to
its effects? Additionally, further studies need to focus on identifying clear and effective
distractors for the task and demonstrate the DOV in this context as well as including
a multi-tasking environment rather than straight distractions to move closer to a real-
world ward environment.
At this moment there is no real-world implementation in safety-critical systems of
the findings presented here or the DOV in general. Additionally, current DOV liter-
ature only focuses on reproducing the effect (Alter & Oppenheimer, 2009; Diemand-
Yauman et al., 2011). This thesis on the contrary showed over several studies that the
DOV can be reproduced or applied in transcription tasks. Moreover, it went one step
further in presenting studies with the aim to move the DOV into real-world applications
in safety-critical environments. Yet there are still many questions about how the DOV
reacts in such an environment, a concern that is reflected in the current literature (Yue
et al., 2013; Kuehl et al., 2014). Future studies need to address this gap to gain a more
complete understanding of the DOV and its impact on error reduction in transcription
tasks. The DOV represents a small and cheap manipulation i.e. a small change in the
presentation of the to-be transcribed content with a potentially huge impact on safety
in terms of accuracy. Key findings of this Chapter are:
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The key findings of Chapter Five are:
• The DOV is present in distracting environments
• Narrative-speech significantly increase the error-rate in transcription tasks
• The DOV is a source related effect
• No speed-accuracy trade-off once DOV is present
• Persistent low error presentation rate in number-transcription tasks
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Chapter 6
Thesis Conclusion
“Blast medicine anyway! We’ve learned to tie into every organ in the human body but
one. The brain! The brain is what life is all about.”
Dr Leonard McCoy
Star Trek - The Original Series,“The Menagerie”
6.1 Overview & Synthesis
This thesis focused on the effect of design features for transcription tasks to reduce
errors. More specifically, the thesis was situated in the context of healthcare systems,
focusing on number transcription tasks, such as programming infusion pump devices
or entering patient data in forms. At first, Chapter Three presented studies to reduce
number entry errors in a transcription task in a more feature driven level by empirically
evaluating the impact of different design features for 5-Key interfaces on errors. It was
found that previous results presented by Cauchi et al. (2012) could not be supported
as no evidence for their proposed design features of significantly reducing errors could
be found. While the analysis presented by Cauchi et al. (2012) might be somewhat ap-
propriate it is not representative enough. Chapter Three, however, presents a rich body
of knowledge surrounding number-transcription studies with valuable insights on how
people specifically interact with 5-Key interfaces. Of particular importance was the
discovery of the specific strategies that people use when entering numbers into 5-Key
devices. Critically, the analysis of Cauchi et al. (2012) did not take user strategies into
account. Moreover, another important finding was that the 5-Key interface seems to be
a very robust design itself in terms of errors. It is not trivial to see any significant effects
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and for this reason it was decided to move away from this design to another one that is
both widely used in real interfaces and the literature: the Serial interface (Oladimeji
et al., 2011). After further reviewing the literature it was then decided to step back
from the feature driven level of Chapter Three to a theoretical driven level in Chap-
ter Four to reduce number transcription errors based on the concepts surrounding the
DPT (Stanovich & West, 2002; Kahneman, 2008, 2011; Diemand-Yauman et al., 2011).
Dual-Processing Theory suggests that people possess two distinct ways of thinking
System 1 & System 2. One which is the quick thinking and another one which is the
slow thinking or in other words this part provokes a more effortful thinking. Inspired
by these theories it was further investigated how specific design features could some-
how engage System 2 i.e. more effortful, deeper cognitive processes when transcribing
information. It was discovered that the literature provides another theory which builds
upon DPT and presents a way to stimulate System 2 : disfluency theory. Disfluency
theory states that by interrupting the normal flow of reading information or in other
words by making content harder to read can lead to higher learning outcomes (Yue
et al., 2013). Further evidence from previous experiments by Diemand-Yauman et al.
(2011) showed that indeed there are indications that people could be influenced by
design elements to memorise and retrieve information more accurately.
As a result the thesis moved to identify and to collect evidence for what the author
called the DOV effect in text transcription tasks in Chapter Four. The first attempt
was made by using a text-entry game as research instrument and the study indeed
revealed evidence for the DOV effect. The next step was to investigate if this effect
could be successfully transferred to a number transcription task, which if so would in-
dicate that the effect is possibly applicable for multiple domains and not limited to text
transcription. Study Five aimed to detect this effect but failed due to possible environ-
mental effects. Study Six addressed these issues and was able to successfully measure,
for the first time, a significant effect of the DOV effect in number transcription. Sub-
sequently, the question arose what design feature would be responsible for the detected
effect. Was obscuring the source of the to-be-transcribed information responsible or
was it due to the obscured display on the interface? Study Seven failed to detect any
significant difference but was influenced by possible fatigue effects. However, Study
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Seven could establish that for number-transcription tasks it is not recommended to
use a within-participants design as in this particular study participants had to enter a
large amount of numbers in four consecutive tasks, which lead to participants being less
engaged. Study Eight, which used a between-participants design, was able to measure
the DOV effect. Moreover, Study Eight could establish that the source was responsible
for this effect.
In Chapter Five two additional studies were presented, which focus not only on
the existence of the DOV effect in transcription tasks but also look further into how
this effect would behave in a distracting environment moving towards more ecologi-
cally validated domains, for example, hospital wards. Study Nine looked at how robust
the DOV effect is related to levels of audio distractions and revealed a marginally
significant effect when people transcribe numbers. However, the introduced auditory
distractors did not have the expected effect on errors. It could be the case that the
obscured numbers could itself be a source of perceptual load and therefore lead to less
susceptibility to distraction.
There is also a discussion in the literature that people process distractors to different
extents depending on the type of processing demands. For example, a higher cognitive
load i.e. deeper cognitive processes in a relevant task reduced processing of irrelevant
distractors (Lavie & De Fockert, 2003). Study Ten introduced more more effective
auditory distractors based on previous findings in the literature (Banbury et al., 2001;
Salame & Baddeley, 1982) namely white-noise and narrative-speech. This had the result
that indeed the auditory distractors had an effect on the errors people made. Although
only narrative-speech was responsible for that. Interestingly, white-noise might be a
part of the DOV effect itself. Nevertheless, the DOV was present and to some degree
counteracted the effects of the distractors. People made fewer errors in each obscured
condition. In summary the key findings of this thesis are:
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• The error presentation rate in all experiments is low but persistent
• No effect of a left-cursor-start design in 5-Key interfaces on errors could
be seen
• It was seen that people prefer strategies to enter-numbers in a 5-Key in-
terface
• The analysis by (Cauchi et al., 2012) is not sophisticated enough to account
for strategies
• The 5-Key interface appears to be really robust in terms of errors
• DOV does work in interactive text- as well as number transcription tasks
• DOV is a source related effect
• Within-participants designs are disadvantageous in this particular number
transcription experiments
• No speed-accuracy trade-off was seen once the DOV is present
• The DOV is present in environments with auditory distractors
Section 1.4.5 in this thesis discussed the systematicity of the error rates in this
thesis (typically between 1-2%) in contrast to the established view of systematicity
in cognitive science (5%). Although, the systematic error rates in the experiments
presented here are well below 5% they are persistent at the same level and suggest
that this is simply the systematicity in number-transcription tasks. Yet there is a
discrepancy between what can be viewed as “good science” (5%) and “good safety”. In
terms of “good safety”, aviation standards classify low error rates less than 1.0× 10−5
, but greater than 1.0× 10−7 as extremely remote and errors less than 1.0× 10−7 but
greater than 1.0× 10−9 as extremely improbable (FAA, 2000). It could be argued that
the presented error rate influenced by the DOV can still not be seen as “safe” in the
industry, however the DOV depict an appreciable reduction in errors. On the other
hand more naturalistic experiments were chosen as despite their lower error rates than,
for example, approaches presented in (Cauchi et al., 2012) to empirically investigate
how people interact with interfaces influenced by the DOV. Such studies give valuable
insight into behavioural patterns that would otherwise not have been possible to see.
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6.2 Research Contributions
6.2.1 What design features can be used to ameliorate the effects of hu-
man error in entering numbers into digital healthcare devices?
There are a vast number of medical devices in use everywhere. A great number of them
are infusion pump devices used in hospitals. Many of these devices use different inter-
faces and follow different operating procedures. Cauchi et al. (2012) have proposed
that some design features for infusion-pumps have a greater impact on how many errors
people would commit should they be present or not based on their analysis. This thesis
evaluated the effect of one particular feature: the start position of the cursor in a 5-
Key interface used on, for example, B.Braun infusion pumps. The reason for choosing
this particular feature is because, according to Cauchi et al. (2012), this feature seem
to analytically have the highest impact on people’s performance in relation to errors.
Study One, Two and Study Three focused on investigating if this was indeed the case.
The first initial experiment was not able to collect sufficient data to be able to run a
proper empirical analysis and can be considered as a pilot but Study Two identified no
significant effect of where the cursor starts on the errors committed in a 5-Key interface.
This indicated that designing 5-Key interfaces with a permanent left-cursor-start po-
sition would be no different from having permanent right-cursor-start positions. Study
Three introduced a secondary task to increase the detected low error rate but again
was unable to detect a difference between the cursor-start position in terms of errors.
However, the strategies that people used to transcribe the numbers seem to indicate
that people prefer to enter the numbers from left-to-right. Study One revealed that
people who started in the right-cursor-start position changed their strategy once they
spotted the Wrap functionality and later in Study Two, which had the Wrap feature
disabled are indications that people change their strategy from right-to-left to enter
the number from left-to-right when they use a right-cursor-start design. This is a very
interesting behavioural pattern that was also indicated in Study Three. The findings
about the strategy that people use to enter numbers is only indicative but not con-
clusive but it does support the theory that people who use a right-cursor-start design
are uncomfortable with entering the data from right-to-left and prefer the other way
around which might introduce an interference effect and influence the amount of errors.
The literature clearly provides many more features which could be of importance in
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this context (Cauchi et al., 2012). While no impact on the errors could be detected
important behavioural patterns could be unveiled. Other features as the one presented
in (Cauchi et al., 2012) might reveal similar behavioural insights. The general low
error-rate in Study One, Tow and Three (even with a secondary task present) has
shown that the 5-Key design itself is robust in terms of errors.
6.2.2 Can the DOV be used to ameliorate the effects of human error
by reducing the error-rate in transcription tasks?
Earlier work by Alter et al. (2007), Diemand-Yauman et al. (2011) showed that there
is a strong indication that harder to read i.e. obscured information can be beneficial
in terms of memory and accuracy. Yet no evidence for such an effect in an interactive
context existed.
This thesis has presented a series of studies to answer the above mentioned research
question. The results show that the DOV does indeed have an appreciable effect on
ameliorating errors in transcription tasks. While initial experiments showed that the
DOV significantly reduced the error-rate in text-transcription tasks, later studies also
confirmed the DOV in number transcription. This also means that the DOV is not
limited to either domain and potentially widely applicable to text and number con-
tent. Moreover, the effect seems to show some robustness towards auditory distractors
providing a first view of how the DOV would work in a real-world environment. Sur-
prisingly, findings in Chapter Five suggest that some auditory stimuli may be beneficial
in terms of reducing errors or may even contribute or stimulate the DOV.
Previous work in the context of studying human error has suggested that a way to
ameliorate errors is to focus on cognitive features - especially for errors where training
and experience is not much of help (Back et al., 2007). The studies in Chapter Four and
Five have shown that the cognitive driven design features which stimulate the DOV ef-
fect are in fact a novel approach to reduce transcription errors in an interactive context.
189
6. THESIS CONCLUSION
6.2.3 How does the DOV work with a view of moving to real-world
applications?
Humans perceive information through their sensory inputs such as via visual and au-
ditory perception. This information is then processed and encoded in memory. Once
that information is needed it is then recovered from memory in retrieval processes. In
case of writing or typing, the retrieved information is translated into motor-movements
(Salthouse, 1986; Inhoff et al., 1986). Figure 6.1 illustrates this process. For example,
a person who transcribes a number would collect the number from the source via vari-
ous eye-movements and encodes and stores the number in memory. The person would
later retrieve the number, plan motor actions and execute these motor actions to enter
the number in, for example, an infusion pump interface.
Figure 6.1: Number processing diagram
Study Eight has shown that the DOV effect is a source related effect which aligns
with the theory surrounding it in the literature (Salthouse, 1986; Kahneman, 2008).
The work by Diemand-Yauman et al. (2011) used a visual perceptual manipulation to
activate the DOV effect in the same way as Study Eight (although the manipulation
of Study Eight was only limited to the font colour). Other researcher support this view
and propose similar visual manipulations to trigger deeper cognitive processing of the
perceived content (Alter et al., 2007; Kahneman, 2011). Study Six and Eight give
further indications that the DOV effect is source related in terms of the corrections
participants made during the studies. It is assumed that people make more compar-
isons in memory due to the stronger encoding not via the display and therefore make
fewer errors in the first place.
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Based on the supporting arguments in the literature and the evidence presented in
this thesis. It seems the way the DOV works is by obscuring information (grey faded
font colour) at the source. Deeper cognitive processes are then activated and are re-
sponsible for an enhanced encoding, storage and retrieval process. Figure 6.2 illustrates
how the DOV operates once activated. The DOV effect does suggest a stronger en-
coding after collecting the harder to read visual information leading to a subsequently
more accurate motor action once the information is about to be entered in the interface.
Figure 6.2: Number processing once DOV is present
Slip errors and lapses occur due to memory or attentional failure ((Reason, 1990))
and are prominent in automatic System 1 processes (Sternberg, 1996). Sternberg (1996)
argues that slips also occur when people depart from a routine task, due to task inter-
ruptions caused by distractions. Firstly, the DOV effect presents an appreciable effect
that can override System 1 processes by invoking a deeper controlled (System 2 ) think-
ing and therefore reduce the error-rate in transcription tasks. Chapter Four presents
studies which support this argument. Secondly, Chapter Five presents studies which
show that the DOV seems to have some robustness towards auditory distractions. The
studies in Chapter Five show how the DOV effect works in view of moving towards
real-world applications.
In general, it is assumed that auditory distractors are interfering or disrupting the
encoding process of the perceived information leading to a higher error-rate (see figure
6.3). Yet some auditory distractor may have been more intrusive than others. For
example, the letters and numerals distractors did not have an effect on the error-rate
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in Study Nine. Perhaps, the numeric distractor was somewhat task relevant to numer-
ical entry whereas letters was not therefore the irrelevant distractor was not processed
equally (Lavie & De Fockert, 2003). The DOV seem to show some robustness towards
numerical and auditory distractors as the effect could be seen (although marginal). It
is assumed that the enhanced encoding process that is triggered by the DOV increased
engagement in the task which reduced the effect of auditory distractions or shielded
the cognitive processes of being interrupted by the distractors (Halin et al., 2014a,
2014b). However, Narrative-speech has increased the error-rate and possibly has a
weakening or disrupting influence on the DOV effect. It may be that narrative-speech
was semantically meaningful to participants and therefore had such a distracting effect
(Jones et al., 2012).
Figure 6.3: Audio distractions interfering with encoding processes
Interestingly white-noise did not seem to have the same interrupting effect. Maybe
white-noise was not demanding enough to be processed at the same level as narrative-
speech and participants could easily screen-out the distractor. Much more interesting
is however, if white-noise is actually provoking or supporting the DOV effect. Alter-
natively, it could also have an entirely different effect by just cancelling out the general
noise around a person which may contribute to focusing effects similar to previous work
(Harrison & Kelly, 1989; Soederlund et al., 2010).
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Nevertheless, Chapter Five has shown that the DOV effect can be seen once au-
ditory distractions are present. There may be practical applications of the effect in
real-world distracting environments where the DOV can increase accuracy by reducing
the influence of distractions on the encoding of information in memory. Perhaps the
DOV can even shield cognitive processes entirely from distractions as seen in figure 6.4.
Figure 6.4: DOV effect prevents audio distractions from interfering with encoding
6.2.4 What are the implications of the DOV effect in context of tran-
scription tasks?
Study Seven and Eight tried to measure which design element, either the source or
the target display is responsible for the DOV effect to manifest itself. Study Seven
failed due to what was identified as possible environmental effects. However, Study
Eight strongly indicated that the source is responsible, which aligns with the theories
surrounding the effect as discussed in previous sections and in the literature. Later
studies (Nine and Ten) only used source manipulations therefore it can be seen that
the DOV is source related. The implications of the DOV effect in context of transcrip-
tion tasks would theoretically be enormous. As many different kinds of transcription
tasks could be made more accurate with little effort. Designing an interface which is
able to stimulate the DOV effect can essentially act as another safety layer in safety-
critical environments such as aviation or healthcare. Moreover, as the stimuli itself to
provoke the DOV effect can be as little as presenting the to-be-transcribed source in a
grey (faded) font colour, implications for the industry might be very cost-effective as
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no extra equipment is needed. Apart from safety-critical domains transcription tasks
occur in everyday situations and therefore, as the DOV effect is essentially an artefact
in transcription tasks, possible applications could be forms in general. For example
on-line banking forms or flight-ticket booking forms. How to do this in practice is un-
clear and yet need to be investigated. Additionally, as Study Nine and Ten show the
DOV can be used regardless of an auditory distracting environment. Even while some
distractors may result in an increase of errors the DOV still counteracts this effect to
some degree which maybe due to the different theories surrounding auditory distractors
(Lavie & De Fockert, 2003; Banbury et al., 2001; Tellinghuisen & Nowak, 2003).
6.3 Validity
6.3.1 Internal Validity
Transcribing text or numbers seems to be a trivial task that requires no specialised
training. Natural variation is always present when entering numbers. Some people
might be able to enter them faster some might be slower and therefore enter less
numbers. This fact was present throughout the studies including the one focusing
on text-entry. How many numbers or sentences people could transcribe was to some
extent dependent on their previous experience with the interfaces that they encoun-
tered in the specific studies. For example, in the text-entry study results were hugely
dependent on the typing ability of the individual participants. Indeed people entered
more sentences in the Clear condition but not significantly. As previously mentioned,
5-Key interfaces as the ones used in Study One, Two and Three may not be so com-
mon in daily life compared to Serial interfaces. In view of the Serial interface based
studies, many participants stated that they had no previous experience with using a
number-pad or even the iPad to enter numbers but this did not have a significant
impact in the studies presented here. It is not known how this factor would have
influenced the results with a greater sample size of people in either of the following
extreme conditions: very experienced or not experienced at all. In general, people will
always vary when transcribing information in view of accuracy and speed. Some people
might have been slower when transcribing information by simple getting used to the
interface while others did not have to make such efforts and therefore entered more
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numbers. There were people who made no errors at all while others made several in a
row. Additionally, the majority of the participants in all of the studies were students
from different disciplines such as Mathematics, Computer Science, Nursing and many
others. They did not seem to perform better or worse due to that fact but they might
still enter numbers at a frequent pace in their daily life; a fact that is hard to control for.
Furthermore, there could be a cultural factor that had an impact on the studies
which was indicated in early Studies. In Study One and Two results might have been
strongly dependent on what cultural background people had in view of the strategy
that people entered the numbers. For example, left-to-right writing countries might
have difficulties accepting an interface where they were required to enter the number
from right to left. Additionally, several participants commented on having difficulties
entering the correct number as they were confused by how the to-be-entered numbers
were presented. For example, if they had to transcribe the number 1,023.00 people from
countries like Germany or Austria would normally switch the comma and the decimal
point in their meaning.
The visual representation itself could have been, to some degree, a confound for
studies presented in Chapter Four. Although, all participants stated that they had
normal vision and did not suffer from dyslexia the studies were not designed to mea-
sure the exact “sweet spot” of when the grade of obscurity begins to have an effect on
the performance of people other than the simple attempt in Study Five which presented
a possible range of where a “sweet spot” might be found.
Focusing on the error data which was produced in all of the studies it becomes
clear that it was generally very low. The measures undertaken to increase the pressure
and to resemble real-world settings might not have been sufficient for some participants.
As transcribing and entering more than 60 to 130 numbers can be seen as very
tiring, therefore fatigue could have been another factor that had influenced the results
of individuals. Additionally, it is yet unknown to what extent the visual representation
had also contributed to people getting tired and becoming less engaged. This became
clear especially in Study Seven where people due to the within-participants design were
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asked four times to transcribe numbers in a time-frame of five minutes for each task.
The alternative hypothesis had to be rejected but results indicated that people began
to show fatigue effects.
6.3.2 External Validity
Most of the participants used in the studies were students from the University of York.
With some exceptions of people working in different professions. The students were
not limited to a single discipline like computer science but from many diverse study
backgrounds. Number transcription tasks can be seen as relatively simple tasks and
therefore the same results may very likely be found by participants who were not stu-
dents. Only one participant in all studies stated a disability. In this case dyscalculia.
None was dyslexic, or had other visual or hearing impairments. At least not that they
were aware of at the time of the specific study.
There are many more applications for the findings presented in this thesis. Appli-
cations which are not limited to the vast healthcare sector but other domains where
accuracy is of great importance. For example, in banking procedures, aviation safety or
manufacturing processes; simply everywhere where people need to transfer numerical
information from one medium into the other. In banking procedures, people would
benefit from a higher accuracy when filling out on-line transfer forms or interacting
with a cash machine. In aviation check lists are the bread and butter for operating
an aircraft. Being able to memorise information better by little more than making
the to-be transcribed content harder to read, which then leads to a better encoding
and retrieval from memory (and might even have a beneficial effect to reduce errors
in a distracting environment or even counteract distractions) to avoid any errors is an
inspiring and cost-effective way to avoid errors.
There were errors due to cultural effects discovered in Study One and Two. How-
ever, no such effects were detected in the other experiments. In general, there is a
possible interference effect as for example participants in 5-Key experiments saw num-
bers which had a comma and a decimal point in its structure. The decimal point is
fixed in the 5-Key interface therefore participants were possibly confused and fell back
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to their cultural background to enter numbers. Serial interfaces do not have a spe-
cific comma key (only the decimal point) participants can not enter a comma but have
to interpret the comma and have to rethink of what the meaning of the comma is.
However, later experiments in Chapter Four and Five had a number range of 0-999.99
with 5% of the numbers being randomly generated without any decimal places at all
and therefore participants could not have experienced an interference in the first place
as there were no numbers high enough to be presented with a comma. Additionally,
collecting participants in an University one has to be pragmatic to get participants who
are sensitive to the types of errors that might occur. The errors due to cultural effects
were detected as a very small effect in the first studies but they disappeared partially
due to the different task designs. In the first experiments (Chapter Three) participants
had to transcribe numbers from cards but in later studies directly from the screen.
6.3.3 Ecological Validity
All experiments except Study Five took place in a controlled environment. In this case
an office in the computer science building or a study room in the Morell library. This
was done to make sure that no confounds were influencing the experiments and were
subsequently altering the results. In case of Study Five, a classroom setting was chosen
to collect the data as the experiment ran as part of a first-year undergraduate module.
It can be argued that none of the studies represent a busy hospital environment, where
nurses or doctors who need to transcribe information such as programming infusion
pumps or complete patient data forms are under constant pressure or influenced by
high cognitive load, stress or time pressure. However, this thesis presents studies to
understand the basic science underpinning the interaction with number-transcription
interfaces (including traditional or cognitive driven design features) in the context of
errors. This is a novel approach and therefore revealed a translation problem towards
the healthcare environment but not towards the data-entry environment.
Participants in all studies were therefore asked to enter the given numbers as fast
as possible, as accurate as possible or both. This was being done to replicate a situa-
tion where people are required to transcribe information quickly and accurately. For
example, a nurse is sometimes required to program multiple infusion pumps (a stack)
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mounted on one desk to serve multiple patients in a room (Back & Cox, 2013) while
monitoring other inputs or reacting to other aspects in the environment. Study Five,
does resemble a busy environment to some extend as students were chatting and intro-
ducing some noise during the study as they were asked to run studies on each other.
Additionally, studies Nine and Ten investigated how the DOV effect would behave
in the real-world by introducing distractions in the tasks. The literature shows that
auditory distractions are very common in a nurses daily routine. The most severe dis-
tractions are by patients themselves. Although, the positive results from Study Nine
and Ten it should be said that they are still laboratory studies and to some degree not
representative to a real-world hospital ward.
In any case, none of the measures taken to move the laboratory studies close to a
real-world healthcare transcription environment can be seen as equivalent to the lat-
ter. As previously outlined, many factors can influence errors. Especially, disastrous
errors are mostly not due to a single wrong errors they are a chain of human errors
and system failures that usually lead to a major adverse event as seen in the Air Inter
148 incident (Reason, 1990). Although one step in such a chain of events may well be
a simple transcription error all the experiments are specifically targeted to investigate
how people perform in simple transcription tasks but still people can act differently in
real-world settings.
All the interfaces used in the studies presented here are designed after commonly
used real-world infusion-pump interfaces. Among them the 5-Key interface designed af-
ter a B.Braun infusion pump and the Serial interface designed after the Baxter infusion-
pump. Both the 5-Key and the Serial interface used for studies in this thesis were
initially implemented as a web application running in the browser. Participants were
required to interact with the simulators via keyboards where the specific functionality
behind the design features were mapped onto specific keys. This introduced an interfer-
ence as people may interact with real-world devices differently. Oladimeji et al. (2013)
found that people who use Chevron interfaces usually do not focus on the interface
while people who use 5-Key & Serial interfaces do but maybe not to that degree as in
the experiments presented in this thesis. Study Nine and Ten, provided an interface
closer to a real-world infusion pump display as participants were asked to transcribe
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numbers via touch interaction on an iPad.
Additionally, in all the number-transcription experiments participants had to tran-
scribe a series of numbers, usually between 60-120 numbers each, which is not likely to
happen in a hospital. However, to some degree nurses have to program several infusion
pumps or fill-out several forms at the same time which requires them to sometimes
interrupt one task (Back et al., 2010). It might be that the amount of errors is there-
fore higher than in a daily work schedule of a nurse in a hospital. On the other hand,
general data entry tasks indeed require people to transcribe large amounts of numbers.
Nevertheless, the tasks were designed with the purpose to increase the data to work
with in this field.
6.4 Future Work
By looking at Chapter Three, future work can consist of studies on interface elements
such as proposed in (Cauchi et al., 2012) to identify the impact of features other than
the ones chosen in Study One, Two and Three. However, future studies need to con-
sider the limitations of 5-Key devices in terms of error-rate. As shown in this thesis
the error rate is very low making possible empirical effects very hard to see. Moreover,
this thesis revealed limitations in the analysis of Cauchi et al. (2012) which need to
be taken into account for any future work based on their findings. The design fea-
tures they present are (i) ad-hoc and (ii) the impact of those features might not come
through in empirical studies as the keystroke approach by Cauchi et al. (2012) does
not account for people’s preference in strategies when entering numbers. Specifically,
these strategies can also be exploited in further experiments.
By looking at Chapter Four and Five, this thesis has shown a series of experiments
providing evidence that the DOV effect can be stimulated in interactive number- as
well as text-transcription tasks. Moreover, it has been established that the DOV effect
seems to be a source related effect which is in line with the surrounding literature of
how the effect works (Kahneman, 2008; Diemand-Yauman et al., 2011; Yue et al.,
2013). Additionally, DOV revealed beneficial characteristics in task performance of
experiments once distractors were introduced in the study environment. Therefore it
199
6. THESIS CONCLUSION
is only a natural choice to take these findings to the next level as future work may
at some point involve real-world studies to establish how the results presented in this
thesis perform in environments such as hospital wards or flight decks. Ideal laboratory
studies are to a certain degree representative but there might still be specific aspects
and confounds that laboratory studies can not account for. For example such studies
could focus on obscuring drug dosage prescriptions in the same way as presented in
this thesis. Two groups of nurses of a hospital ward would then be examined over a
period of one week comparing the performance of the two groups to see how the DOV
effect behaves. Additionally, as Chapter Four has shown the effect is not limited to the
number-entry domain but can also be seen in text entry. Therefore, a similar study
can evaluate the obscurity of forms used by nurses in their daily routine. Interesting
would also be, in this context, to see how mixed obscured content behaves.
Another aspect is the amount of information that can be processed by the DOV.
The studies in this thesis have only used short text phrases and individual numbers
but it is not known if a larger obscured content such as an entire data in a form or list
will have the same effect on improving accuracy and if there is a threshold of when the
DOV comes into play in terms of the size of the to be processed information.
Moreover, future studies could involve applying the grade of obscurity onto real
medical device interfaces to see how the people perform in terms of accuracy. It was
not possible to get real infusion-pumps for the studies presented in this thesis. A study
including read devices also requites a task design including transcribing VTBI and rate
numbers similar to programming a real infusion pump. The entire programming pro-
cess of a real-world pump would involve not only the volume number of the drug that
should be administered but also the rate and other steps such as turning the device on
and off which is missing in the studies presented here.
Interestingly, white-noise may be part of the DOV effect and therefore further studies
on the interplay between the DOV and auditory distractors are required.
Another interesting aspect for future studies would be to focus on dyslexic partic-
ipants as they show a preference for obscured information rather than clear presented
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black on white text or numbers. Further to that additional studies that look into lu-
minance in particular of how the to be transcribed information is presented would be
required to investigate if the detected DOV effect is dependent on a particular font
colour only on a white background or if other background colours would also have an
influence on it. Some student experiments have already been conducted which are not
included in this thesis as they are considered mere scruffy pilots. Moreover, future
studies could explore to what extent the DOV effect manifests itself if a second level
of obscurity is present as in (Diemand-Yauman et al., 2011). This means that for
example, not only an obscured font-colour can be used as manipulation but font-colour
and font-type combined.
As the DOV effect aligns with DPT of System 1 & System 2 and as System 2 is
characterised to be a learning system although slow compared to System 1. Further
studies are required to look into long time effects of how long does the DOV effect
last. Moreover, to what extent can it be applied before it becomes too difficult to have
an effect as indicated in Study Five. In relation to that, further studies could aim to
narrow the range presented in Study Five or even pinpoint the exact location where a
possible “sweet-spot” might be. An early attempt to explore when disfluency would be
desired was made by Yue et al. (2013) but was not able to establish this fact.
Additionally, future studies investigating the DOV effect would need to include
eye-tracking measures. Eye-tracking would provide further data about where do peo-
ple actually focus on when transcribing numbers. It would also provide a further
measure to what extend the participants focus more on the source when transcribing
information. Eye-tracking data could further provide clear results as discussed earlier
that people who are more experienced with specific interface designs would focus more
on the display when entering data rather then the number pad itself. Most impor-
tantly, data from eye-trackers would be able to reveal if participants’ pupils dilate. As
previous research shows this is a strong indication for high cognitive activity which
would further add to DPT (System 1 & System 2 ) that harder to read information can
lead to people engage in deeper thought processes and therefore encode and retrieve
information better resulting in fewer errors.
201
6. THESIS CONCLUSION
No eye-tracking data was available for the studies which would have provided valu-
able insights into where people focus during the task. Such data would confirm that, if
participants focus more on the source display, target or the keypad, which could con-
firm the theories mentioned above. In other words it would reveal if the information
processing strategies adopted by those in the two conditions (Clear and Obscured) re-
sult in differences in the number of fixations on, and the speed of reading of the target
content. Specifically, it will be important to understand whether the enhanced per-
formance of participants in the Obscured group is the result of slower more deliberate
processes such as additional perceptual monitoring of the target content resulting in
enhanced memory for the information or more careful execution of the motor move-
ments required to enter the content (Salthouse, 1986; Inhoff et al., 1986; Gray et al.,
2006; Kahneman, 2011). Moreover, eye-tracking data might also reveal in studies which
contain distractors how participants behave in terms of collecting information and cor-
recting themselves. For example, depending on the level of distractor the tracking data
might reveal if participants focus multiple times on the source information or go back
to it more than one time before entering the number or the data might reveal theories
surrounding the corrected errors in Study Nine and Ten. If participants focus more
on the source of the to-be-transcribed information while they correct themselves this
might give evidence that comparisons are not made in memory as currently assumed
but simply with the source. However, this might also depend on the interference of a
specific distractor.
A substantial body of number and error data could be collected throughout the con-
ducted experiments. Future work maybe involve the classification of the errors made
and extend previous attempts or classifications as presented in (Wiseman, 2011).
At last, as results presented in this work provide evidence that indicates that the
detected effect is bound to the source in transcription tasks further studies in other
domains such as filling out web forms are important to see how the DOV unfolds in
these areas.
202
6.5 Concluding Thoughts
6.5 Concluding Thoughts
Although the weight of the work presented in this thesis, is clearly on investigating the
DOV effect (Chapter Four & Chapter Five) in interactive transcription tasks, much
more work remains to be done to investigate both presented research avenues: tradi-
tional design features and design features based on cognitive theory. Despite the fact
that no significant effects of the traditional design features evaluated in Chapter Three
could be found, there are many more features proposed by the literature that can be
investigated in future studies. However, this comes with the caveat that possible ef-
fects might be too small to be seen and depend highly on personal strategies. A fact
that previous analytical approaches such as shown in Cauchi et al. (2012) did not
address. Future analysis approaches should take this into account or if an analysis
approach is similar to the one in Cauchi et al. (2012) it should perhaps only be used
as first indicative investigation but clearly needs refinement and further empirical work.
The novel approach presented in this thesis has shown that there is indeed poten-
tial for increasing the accuracy in transcription tasks by counter-intuitively making
information harder to read, which indicates a better memory encoding and retrieval.
This view is supported by other studies in the field (Diemand-Yauman et al., 2011).
However, as Daniel Kahneman (Kahneman, 2011) said: “We have a very narrow view
of what is going on”, there is much more work that requires further investigation in
order to make any clear, definitive and wider recommendations for future design appli-
cations in transcription tasks. Additionally, it is also too early at this stage to make
any suggestions with the aim to change existing design methods and principles in the
field. The results in this work however, provide a very promising approach to further
understand how design features can influence accuracy in transcription tasks. While
there is still much that is unknown about the full implications of this work, and in
the words of Laura Nyro: “As beautiful as simplicity is, it can become a tradition that
stands in the way of exploration.”, what has been presented here has shown that tra-
ditional approaches may not always be the only option when it comes to increasing
accuracy in transcription tasks.
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A.1 Experiment 1
A.1.1 Experimental Instructions & Informed Consent
Number-Entry Experiment Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenski, Paul Cairns
Dept of Computer Science, York
March, 2012
1 Who is running this?
The study is being run by:
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a senior lecturer in the department of Computer Science at the Uni-
versity of York.
2 What is the purpose of this study?
The study aims to investigate how people use a 5-key interface to enter numbers.
3 What will I have to do?
You will be asked to complete two number entry tasks. For this you will have a training session
before each task starts, where you can get familiar with the controls and the interface.
For the first and the second task you will be given a list of 33 numbers on cards and asked to enter
these numbers into the presented interface as quickly and as accurately as possible. You will only
have a short timeframe of 3 Minutes to enter all the numbers in both tasks.
At the end, Frank will ask you to fill out a small questionnaire about yourself. He will then debrief
you and you may ask any questions about the study or tell him any comments you have in general.
4 How can I enter the numbers?
You can only use the keyboard to enter the numbers!
Please, also only use your index finger to enter the numbers.
1
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The interface which you will see consists of 7 components. A number display, a cursor, four con-
trol buttons and an ok button . You can move the cursor with the control
buttons left or right and increase or decrease the selected number field with buttons
up and down . By pressing the current displayed number will be saved and the
display will be cleared.
Note: The keyboard is labeled accordingly to the buttons
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Feel free to ask Frank any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have about the purpose or background of the experiment until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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A.1.2 Demographic Questionnaire
Number-Entry experiment demographic questionnaire
Participant number:
What is your age?
Please tick as appropriate:2 18-252 30-392 40-492 50-592 60 or above
Are you a student at the University of York?
(If not please state your profession:)
If you are a student, what course are you enrolled in?
What country are you from?
Are you familiar with a B.Braun infusion pump?
Please tick as appropriate:2yes 2no
Do you have working experience in the healthcare sector?
Are you a right- or left-handed or both?
1
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A.2 Experiment 2
A.2.1 Experimental Instructions & Informed Consent
2nd Number-Entry Experiment Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenski, Paul Cairns
Department of Computer Science, York
April, 2012
1 Who is running this?
The study is being run by:
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a senior lecturer in the department of Computer Science at the Uni-
versity of York.
2 What is the purpose of this study?
The study aims to investigate how people use a 5-key interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task. For this you will have a training session before
the main task starts, where you can get familiar with the controls and the interface.
For the main task you will be given a list of 40 numbers on cards and asked to enter these numbers
into the presented interface as quickly and as accurately as possible. You will only have a short
timeframe of 4 minutes to enter all the numbers.
At the end, Frank will ask you to fill out a small questionnaire about yourself. He will then debrief
you and you may ask any questions about the study or tell him any comments you have in general.
4 How can I enter the numbers?
You can only use the keyboard to enter the numbers!
Please, also only use your index finger to enter the numbers.
1
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The interface which you will see consists of 7 components. A number display, a cursor, four con-
trol buttons and an ok button . You can move the cursor with the control
buttons left or right and increase or decrease the selected number field with buttons
up and down . By pressing the current displayed number will be saved and the
display will be cleared.
Note: The keyboard is labeled accordingly to the buttons
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Feel free to ask Frank any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have about the purpose or background of the experiment until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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A.2.2 Demographic Questionnaire
2nd Number-Entry Experiment Demographic Questionnaire
Participant number:
What is your age?
Please tick as appropriate:2 18-252 26-292 30-392 40-492 50-592 60 or above
Are you a student at the University of York?
(If not please state your profession:)
If you are a student, what course are you enrolled in?
What country are you from?
Are you familiar with a B.Braun infusion pump?
Please tick as appropriate:2yes 2no
Do you have working experience in the healthcare sector?
Are you right- or left-handed or both?
1
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A.3 Experiment 3
A.3.1 Experimental Instructions & Informed Consent High
Experiment 3 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenski, Paul Cairns
Department of Computer Science, York
March, 2015
1 Who is running this?
• Frank Soboczenski who is a PhD student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a 5-Key interface to enter numbers.
3 What will I have to do?
You will be asked to complete two tasks (at the same time): a number-entry task and a listening
task. For this you will have a training session before the start of the main experiment, where you
can get familiar with the controls of the interface and the procedure of the tasks.
You will be asked to enter numbers into the presented interface as quickly as possible. You will
only have a short timeframe of 6 minutes to finish this task. While you enter the numbers you
will be asked to listen to an audio track and to count the appearance of all the vowels (A,E,I,O,U).
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can use the 5-Key interface on the iPad to enter the numbers.
Please, only use your index finger to enter the numbers.
1
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The interface which you will see consists of 7 components:
A number display, a cursor, four control buttons and an ok button . You
can move the cursor with the control buttons left or right and increase or decrease the
selected number with buttons up and down . By pressing the current displayed
number will be saved and the display will be cleared.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiment’s data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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A.3.2 Experimental Instructions & Informed Consent Low
Experiment 3 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenski, Paul Cairns
Department of Computer Science, York
March, 2015
1 Who is running this?
• Frank Soboczenski who is a PhD student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a 5-Key interface to enter numbers.
3 What will I have to do?
You will be asked to complete two tasks (at the same time): a number-entry task and a listening
task. For this you will have a training session before the start of the main experiment, where you
can get familiar with the controls of the interface and the procedure of the tasks.
You will be asked to enter numbers into the presented interface as quickly as possible. You will
only have a short timeframe of 6 minutes to finish this task. While you enter the numbers you
will be asked to listen to an audio track and to count the appearance of the letter A.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can use the 5-Key interface on the iPad to enter the numbers.
Please, only use your index finger to enter the numbers.
1
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The interface which you will see consists of 7 components:
A number display, a cursor, four control buttons and an ok button . You
can move the cursor with the control buttons left or right and increase or decrease the
selected number with buttons up and down . By pressing the current displayed
number will be saved and the display will be cleared.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiment’s data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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A.3.3 Demographic Questionnaire
Experiment 3
*Required
Participant Number *
Are you a student at the University of York (if not please state your profession)? *
Sex *
 male
 female
What is your age? *
 18 ­ 25
 26 ­ 29
 30 ­ 39
 40 ­ 49
 50 ­ 59
 60 +
What Country are you from? *
How many times did the letter "A" occur in the audio track? *
Are you familiar with syringe pumps? *
 Yes
 No
Do you have working experience in the healthcare sector? *
 Yes
 No
Are you familiar with 5­Key interfaces? *
 Yes
 No
How often do you use an iPad or other tablet? *
 never used
 rarely used
 sometimes used
 often used
Edit this form
Experiment 3
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How often do you use an iPad or other tablet to enter numbers? *
 never used
 rarely used
 sometimes used
 often used
How often do you use a touch based device in general? *
 never used
 rarely used
 sometimes used
 often used
Do you consider yourself to have normal vision (when corrected)? *
 Yes
 No
Do you consider yourself to have normal hearing (when corrected)? *
 Yes
 No
Did you speak the numbers in your mind during the task? *
 Yes
 No
Did you enjoy the task? *
1 2 3 4 5
Did not enjoy enjoyed very much
To what degree did you notice the audio track? *
1 2 3 4 5
barely noticed noticed very much
To what degree did the audio track make you focus more on the number entry task? *
1 2 3 4 5
did not make me focus more made me focus much more
To what degree did the audio track distract you from the task? *
1 2 3 4 5
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did not distract me at all did distract me a lot
To what extent did you feel the task was difficult? *
1 2 3 4 5
not at all very difficult
Did you find it difficult to use the iPad to enter numbers? *
1 2 3 4 5
No, very easy Yes, very difficult
To what extent did you feel focussed on the task? *
1 2 3 4 5
not at all very focussed
How much effort did you put into the task? *
1 2 3 4 5
no effort a lot
To what extent did you have the feeling that you made an error? *
1 2 3 4 5
no error multiple errors
To what extent do you have the feeling that you would have made less errors without the
audio track? *
1 2 3 4 5
would not have made less errors definitely would have made less errors
To what extent did you memorise the numbers? *
1 2 3 4 5
did not memorise memorised them a lot
Please indicate for each of the twelve statements which is
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closest to how you have been feeling over the last two hours.
Notice that higher numbers mean better well­being.
I felt cheerful and in good spirits. *
1 2 3 4 5
At no time All of the time
I felt calm and relaxed. *
1 2 3 4 5
At no time All of the time
I felt active and vigorous. *
1 2 3 4 5
At no time All of the time
I felt alert. *
1 2 3 4 5
At no time All of the time
I felt attentive. *
1 2 3 4 5
At no time All of the time
I felt energetic. *
1 2 3 4 5
At no time All of the time
I felt excited. *
1 2 3 4 5
At no time All of the time
I felt happy. *
1 2 3 4 5
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Powered by
At no time All of the time
I felt sociable. *
1 2 3 4 5
At no time All of the time
I felt tired. *
1 2 3 4 5
At no time All of the time
I felt amicable. *
1 2 3 4 5
At no time All of the time
I felt exhausted. *
1 2 3 4 5
At no time All of the time
This form was created inside of The University of York. 
Report Abuse ­ Terms of Service ­ Additional Terms
Never submit passwords through Google Forms.
A.3.4 Secondary task results Study Three
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Table A.1: Study 3: Secondary task results
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B.1 Experiment 4
B.1.1 Experimental Instructions & Informed Consent
Typo Madness Experiment: Informed Consent Form
The purpose of this form is to tell you about the study and highlight features of your par-
ticipation in the study.
Frank Soboczenski, Paul Cairns
Department of Computer Science, York
June, 2012
1 Who is running this?
The study is being run by:
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a senior lecturer in the department of Computer Science at the Uni-
versity of York.
2 What is the purpose of this study?
The study aims to investigate how people perform in a typing game.
3 What will I have to do?
You will be asked to play the game Typo Madness! Typo Madness is a typing game where you will
see a variety of text paragraphs which you then need to retype to get a score. The goal is to get
a high score by finishing the game in the given time. You will only have a short timeframe of 15
minutes to complete the game.
At the beginning you will have a training session before the game starts, where you can get famil-
iar with the interface and how the game works.
At the end, Frank will ask you to fill out a small questionnaire about yourself (where you can leave
questions blank if you feel uncomfortable in answering them). He will then debrief you and you
may ask any questions about the study or give him any general comments you have.
4 How can play the game to get high score?
You can use the keyboard to type in each given paragraph. However, the return key, backspace and
all cursor keys are disabled. Additionally, you can only use the mouse to click the red button which
will save your text as well as forward you to the next paragraph.
1
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Each character you type will be counted for the score. If the character matches with the original
text it will increase your score. Therefore, each character that does not match with the original text
will decrease your score.
Here is an example:
original text: There is no spoon!
retyped text: There is no Spon!
Score: 13 (15-2 mismatches namely uppercase ’S’ and a missing ’o’)
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and it will not be possible to identify you by your data. The experiment may be pub-
lished in an academic journal but the data will only be presented in summary form and you will
still not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Feel free to ask Frank any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have about the purpose or background of the experiment until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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B.1.2 Demographic Questionnaire
Typo Madness Experiment Demographic Questionnaire
(please feel free to leave questions blank if you feel uncomfortable in answering them)
Participant number:
What is your age?
Please tick as appropriate:
2 18-252 26-292 30-392 40-492 50-592 60 or above
Are you a student at the University of York?
(If not please state your profession:)
If you are a student, what course are you enrolled in?
What country are you from?
How many words would you say can you type per minute?
Please tick as appropriate:
2less than 20 220-40 240-60 260-80 280 or more 2do not know
Were the given text phrases easy to read?
Please tick as appropriate:
2not readable 2less readable 2readable 2clearly readable
Did you find the task difficult?
Please tick as appropriate:2Yes 2No
If Yes please state why:
Do you consider yourself to have normal vision (when corrected)?
Please tick as appropriate:2Yes 2No
Do you have dyslexia?
Please tick as appropriate:2Yes 2No
1
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B.1.3 Sentences for the Game TypoMadness
Starfleet Commander Benjamin Sisko arrives (with his young son, Jake) at Deep Space
Nine, a space station formerly run by the Cardassians.
Targeting Trinity chips at touchscreen laptops provides AMD a wider opportunity to
expand its presence in the tablet market.
The prototype device shown at the AMD press conference had a detachable touch-
screen that could be used as a tablet when undocked from the laptop.
PC manufacturer Acer has announced a line-up of touchscreen ultrabooks, tablets and
all-in one PCs running the eagerly awaited Windows 8 operating system (OS).
Hewlett-Packard is playing catch up, like everyone else in the cloudy infrastructure
racket at the Discover 2012 event in Las Vegas.
Amazon figured out companies don’t want to buy virtual servers, they want to buy
multi-tiered virtual clouds consisting of a mix of servers.
Researcher Joseph Bonneau noted that bad password behaviour exists in every re-
gion on the web.
A report from Cambridge University Computer Laboratory has found that users con-
tinue to utilise easily-guessed passwords.
After a decade’s worth of best-selling action games from Japan, Devil May Cry’s Dante
has headed West with a new master, Ninja Theory.
ICS appeared to be the most highly anticipated Android operating system, owing to
its seamless user interface for multiple devices.
Barely had the dust settled on the dud Honeycomb version of the Android operat-
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ing system then came the news of the promising Ice Cream Sandwich (ICS).
There were reports of many people dressed in red, white and blue left standing on
station platforms across the Midlands.
In 2008, the BMA, other health unions and the government negotiated a major re-
form of the NHS scheme.
The government has begun to implement major changes to the NHS pension scheme
despite widespread criticism.
CIWEM hopes that during this anniversary year politicians will realise that running
economies in the way we’ve always done is clearly not working.
Producing a formula to accurately calculate the animal’s dimensions, they found a
Brachiosaur would actually have weighed a relatively light 23 tons.
Dinosaurs are traditionally portrayed as monstrously heavy, with thundering footsteps
and a huge bulk adding to their fearsome appearance.
Archaeologists in Bulgaria have unearthed two medieval skeletons pierced through the
chest with iron rods to keep them from turning into vampires.
The Chinese President greets Russian President Vladimir Putin for the 7th time in
China, but this visit has a special significance.
Yesterday Prince Harry and the Duchess of Cambridge smiled and giggled their way
through the people.
While Kate’s husband Prince William stood formally, his cheeky brother whispered
a series of humorous asides to his sister-in-law.
Sandra Piller, widow of beloved Star Trek head writer Michael Piller, will be appearing
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at the official Star Trek convention in Nashville.
Anticipation for the first Star Trek teaser is running unfortunately very high, the recent
two where not officially declared real.
Eager skywatchers flocked to universities and observatories that scheduled viewings
and astronomy talks.
The NASA Hubble Space Telescope cannot view the Sun directly to learn more about
Venus’s atmosphere.
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B.1.4 Scores & Sentences by Condition
The total score (number of correctly transcribed characters) of the Clear group and of
the Obscured group was structured into:
Clear group Sentences Obscured
group
Sentences
1800 20 3117 26
2478 23 3040 26
1867 18 2754 22
3017 26 2979 24
3066 25 3077 25
2379 22 3171 26
3177 26 3001 24
2747 24 2968 24
2721 26 2827 21
1917 20 2932 24∑
25,269 230 30,356 242
Table B.1: Study 4: Total scores & sentences transcribed
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B.2 Experiment 5
B.2.1 Experimental Instructions & Informed Consent
HACS: Practical 1 Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
1 Who is running this?
The study is being run by Dr Paul Cairns who is a senior lecturer in the department of Computer
Science at the University of York. Your experimenter is a student on his module, Human Aspects
of Computer Science, and is a first year undergraduate at the department.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task. For this you will have a training session before
the main task starts, where you can get familiar with the controls and the interface.
For the main task you will asked to enter numbers into the presented interface as quickly as pos-
sible. You will only have a short timeframe of 5 minutes to finish the task.
At the end, you will be asked to fill out a small questionnaire about yourself. You will then be
debriefed by the experimenter and you may ask any questions about the study or tell him any
comments you have in general.
4 How can I enter the numbers?
You can only use the keyboard number-pad to enter the numbers!
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys Note: the ’+’ key is labelled as CLEAR. By pressing ENTER the cur-
rent displayed number will be saved, the displays be cleared and the process starts again. If you
noticed that you made a mistake before you pressed ENTER, you can cancel the current input by
pressing CLEAR.
1
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5 Who will see this data?
Obviously the experimenter with you will see this data. Frank and Paul will see all of your data
and will compile all of the experiments data into a single spreadsheet for further analysis. How-
ever, once it has been compiled, it will be completely anonymised and you will not be able to be
identified with your data. The experiment may be published in an academic journal but the data
will only be presented in summary form and you will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed. Unusually for a study, this is a class exercise
and Paul strongly advises that you take part to see how such experiments work from both the
participant and experimenter perspective.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to the experimenter and save any
questions you may have until the end of the practical class. If you have any questions about the
purpose or background of the experiment, please wait until the end of the class and you will have
an opportunity to ask Paul your questions.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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B.2.2 Demographic Questionnaire
HACS: Practical 1 Questionaire
1 Some details about you
1. Sex (M/F):
2. Age (please circle): 17, 18, 19, 20, 21, 22-25, 25-30, 31+
3. What course are you enrolled in?
4. What country are you from?
5. Are you familiar with syringe pumps?
6. Do you have working experience in the healthcare sector?
7. Are you familiar with a calculator based interface?
8. How often do you use the numpad of the keyboard to enter numbers (please circle) ?
never used; rarely used; sometimes used; often used
9. Did you find the task difficult?
1
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B.3 Experiment 6
B.3.1 Experimental Instructions & Informed Consent
Experiment 6 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenkski, Paul Cairns
Department of Computer Science, York
November, 2012
1 Who is running this?
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task. For this you will have a training session before
the main task starts, where you can get familiar with the controls and the interface.
For the main task you will asked to enter numbers into the presented interface as quickly as pos-
sible. You will only have a short timeframe of 5 minutes to finish the task.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can only use the keyboard number-pad to enter the numbers!
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys Note: the ’+’ key is labelled as CLEAR. By pressing ENTER the cur-
rent displayed number will be saved, the displays be cleared and the process starts again. If you
1
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noticed that you made a mistake before you pressed ENTER, you can cancel the current input by
pressing CLEAR.
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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B.3.2 Demographic Questionnaire
Experiment 7s - Questionaire
Some details about you
*Required
Pa r t icipa nt  N umbe r : *
S e x  *
 male
 female
Wha t is  your  a g e ?  *
 18-25
 26-29
 30-39
 40-49
 50-59
 60+
Ar e  you a  stude nt a t  the  Unive r sity of  Y or k ( if  not  ple a se  sta te  your  pr ofe ssion) ?  *
please state the course you're enrolled in if you are a student
Wha t Countr y a r e  you f r om?
Ar e  you fa milia r  w ith syr ing e  pumps?  *
 Yes
 No
Ar e  you fa milia r  w ith a  B .B r a un infusion pump?  *
 Yes
 No
6
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Do you ha ve  w or king  e x pe r ie nce  in the  he a lthca r e  se ctor ?  *
 Yes
 No
Ar e  you r ig ht-  or  le f t -ha nde d or  both?  *
 Left
 Right
 Both
Did you f ind the  ta sk dif f icult?  *
 Yes
 No
Do you conside r  your se lf  to ha ve  nor ma l vis ion ( w he n cor r e cte d) ?  *
 Yes
 No
Please indicate for each of the twelve statements which is
closest to how you have been feeling over the last two hours.
Notice that higher numbers mean better well-being.
I  ha ve  fe lt  che e r ful a nd in g ood spir its . *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  ca lm a nd r e la x e d. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  a ct ive  a nd vig or ous. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  a le r t . *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  a tte nt ive . *
1 2 3 4 5
At no time All of the time
236
B.3 Experiment 6
I  ha ve  fe lt  e ne r g e t ic. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  e x cite d. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  ha ppy. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  socia ble . *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  t ir e d. *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  a mica ble . *
1 2 3 4 5
At no time All of the time
I ha ve  fe lt  e x ha uste d. *
1 2 3 4 5
At no time All of the time
Submit
Never submit passwords through Google Forms.
Powered by Google Docs
Report Abuse - Terms of Service - Additional Terms
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B.4 Experiment 7
B.4.1 Experimental Instructions & Informed Consent
Experiment 7 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenkski, Paul Cairns
Department of Computer Science, York
March, 2013
1 Who is running this?
• Frank Soboczenski who is a PhD student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete four number-entry tasks. For this you will have a training session
before the start of the main tasks, where you can get familiar with the controls and the interface.
For the four main tasks you will asked to enter numbers into the presented interface as quickly as
possible. You will only have a short timeframe of 5 minutes to finish each task.
After you have finished a number-entry task you will be asked a number of questions about the
task followed by a short break until the next task starts.
At the end, you will be asked to fill out a small questionnaire about yourself and Frank will ask
you a few qualitative questions about the study which will be recorded. Frank will then debrief
you and you may ask any questions about the study or tell him any comments you have in general.
4 How can I enter the numbers?
You can only use the keyboard number-pad to enter the numbers!
1
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The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys Note: the ’+’ key is labelled as CLEAR. By pressing ENTER the cur-
rent displayed number will be saved, the displays be cleared and the process starts again. If you
noticed that you made a mistake before you pressed ENTER, you can cancel the current input by
pressing CLEAR.
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way. In addition, all the recordings of the qualitative ques-
tions will be deleted after the data is transcribed into the spreadsheet.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
239
B. CHAPTER 4
B.4.2 Demographic Questionnaire 1
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B.4.3 Demographic Questionnaire 2
Experiment 8 - Final Questionaire
Some details about you
*Required
Pa r t icipa nt  N umbe r : *
S e x  *
 male
 female
Wha t is  your  a g e ?  *
 18-25
 26-29
 30-39
 40-49
 50-59
 60+
Ar e  you a  stude nt a t  the  Unive r sity of  Y or k ( if  not  ple a se  sta te  your  pr ofe ssion) ?  *
please state the course you're enrolled in if you are a student
Wha t Countr y a r e  you f r om?
Ar e  you fa milia r  w ith syr ing e  pumps?  *
 Yes
 No
Do you ha ve  w or king  e x pe r ie nce  in the  he a lthca r e  se ctor ?  *
 Yes
 No
7
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Ar e  you fa milia r  w ith ca lcula tor -ba se d inte r fa ce s?  *
 Yes
 No
How  of te n do you use  the  numpa d of  the  ke yboa r d to e nte r  the  numbe r s?  *
 never used
 rarely used
 sometimes used
 often used
Do you conside r  your se lf  to ha ve  nor ma l vis ion ( w he n cor r e cte d) ?  *
 Yes
 No
Please indicate for each of the twelve statements which is
closest to how you have been feeling over the last two hours.
Notice that higher numbers mean better well-being.
I  fe lt  che e r ful a nd in g ood spir its . *
1 2 3 4 5
At no time All of the time
I fe lt  ca lm a nd r e la x e d. *
1 2 3 4 5
At no time All of the time
I fe lt  a ct ive  a nd vig or ous. *
1 2 3 4 5
At no time All of the time
I fe lt  a le r t . *
1 2 3 4 5
At no time All of the time
I fe lt  a tte nt ive . *
1 2 3 4 5
At no time All of the time
I fe lt  e ne r g e t ic. *
1 2 3 4 5
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At no time All of the time
I fe lt  e x cite d. *
1 2 3 4 5
At no time All of the time
I fe lt  ha ppy. *
1 2 3 4 5
At no time All of the time
I fe lt  socia ble . *
1 2 3 4 5
At no time All of the time
I fe lt  t ir e d. *
1 2 3 4 5
At no time All of the time
I fe lt  a mica ble . *
1 2 3 4 5
At no time All of the time
I fe lt  e x ha uste d. *
1 2 3 4 5
At no time All of the time
Submit
Never submit passwords through Google Forms.
Powered by Google Docs
Report Abuse - Terms of Service - Additional Terms
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B.5 Experiment 8
B.5.1 Experimental Instructions & Informed Consent
Experiment 8 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenkski, Paul Cairns
Department of Computer Science, York
June, 2012
1 Who is running this?
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task. For this you will have a training session before
the main task starts, where you can get familiar with the controls and the interface.
For the main task you will asked to enter numbers into the presented interface as quickly as pos-
sible. You will only have a short timeframe of 5 minutes to finish the task.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or give him any general comments
you have.
4 How can I enter the numbers?
You can only use the keyboard number-pad to enter the numbers!
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys Note: the ’+’ key is labelled as CLEAR. By pressing ENTER the cur-
rent displayed number will be saved, the displays be cleared and the process starts again. If you
1
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noticed that you made a mistake before you pressed ENTER, you can cancel the current input by
pressing CLEAR.
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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B.5.2 Demographic Questionnaire
Experiment 9
Some details about you
*Required
Pa r t icipa nt  N umbe r : *
S e x  *
 male
 female
Wha t is  your  a g e ?  *
 18-25
 26-29
 30-39
 40-49
 50-59
 60+
Ar e  you a  stude nt a t  the  Unive r sity of  Y or k ( if  not  ple a se  sta te  your  pr ofe ssion) ?  *
please state the course you're enrolled in if you are a student
Wha t Countr y a r e  you f r om?
Ar e  you fa milia r  w ith syr ing e  pumps?  *
 Yes
 No
Do you ha ve  w or king  e x pe r ie nce  in the  he a lthca r e  se ctor ?  *
 Yes
 No
8
246
B.5 Experiment 8
Ar e  you fa milia r  w ith ca lcula tor -ba se d inte r fa ce s?  *
 Yes
 No
How  of te n do you use  the  numpa d of  the  ke yboa r d to e nte r  the  numbe r s?  *
 never used
 rarely used
 sometimes used
 often used
Do you conside r  your se lf  to ha ve  nor ma l vis ion ( w he n cor r e cte d) ?  *
 Yes
 No
Did you e njoy the  ta sk?  *
1 2 3 4 5
Did not enjoy enjoyed very much
T o w ha t e x te nt  did you fe e l the  ta sk w a s dif f icult?  *
1 2 3 4 5
not at all very difficult
T o w ha t e x te nt  did you fe e l focusse d on the  ta sk?  *
1 2 3 4 5
not at all very focussed
How  much e f for t  did you put  into the  ta sk?  *
1 2 3 4 5
no effort a lot
T o w ha t e x te nt  did you ha ve  the  fe e ling  tha t  you ma de  a n e r r or ?  *
1 2 3 4 5
no error multiple errors
Please indicate for each of the twelve statements which is
closest to how you have been feeling over the last two hours.
Notice that higher numbers mean better well-being.
I  fe lt  che e r ful a nd in g ood spir its . *
1 2 3 4 5
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At no time All of the time
I fe lt  ca lm a nd r e la x e d. *
1 2 3 4 5
At no time All of the time
I fe lt  a ct ive  a nd vig or ous. *
1 2 3 4 5
At no time All of the time
I fe lt  a le r t . *
1 2 3 4 5
At no time All of the time
I fe lt  a tte nt ive . *
1 2 3 4 5
At no time All of the time
I fe lt  e ne r g e t ic. *
1 2 3 4 5
At no time All of the time
I fe lt  e x cite d. *
1 2 3 4 5
At no time All of the time
I fe lt  ha ppy. *
1 2 3 4 5
At no time All of the time
I fe lt  socia ble . *
1 2 3 4 5
At no time All of the time
I fe lt  t ir e d. *
1 2 3 4 5
At no time All of the time
I fe lt  a mica ble . *
1 2 3 4 5
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At no time All of the time
I fe lt  e x ha uste d. *
1 2 3 4 5
At no time All of the time
Submit
Never submit passwords through Google Forms.
Powered by Google Docs
Report Abuse - Terms of Service - Additional Terms
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C.1 Experiment 9
C.1.1 Experimental Instructions & Informed Consent
Experiment 9 - Informed Consent
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenski, Paul Cairns
Department of Computer Science, York
November, 2013
1 Who is running this?
• Frank Soboczenski who is a PhD student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number-entry task. For this you will have a training session before
the start of the main task, where you can get familiar with the controls and the interface.
For the main tasks you will asked to enter numbers into the presented interface as quickly as pos-
sible. You will only have a short timeframe of 5 minutes to finish each task and you will also hear
an audio track during the number-entry task.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can use the number-pad interface on the iPad to enter the numbers.
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys. By pressing ENTER the current displayed number will be saved,
1
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the displays be cleared and the process starts again. If you noticed that you made a mistake before
you pressed ENTER, you can cancel the current input by pressing CLEAR (Note: pressing clear will
not decrease your score).
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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C.1.2 Demographic Questionnaire
Experiment 11 ­ Audio
*Required
Participant Number *
Are you a student at the University of York (if not please state your profession)? *
Sex *
 male
 female
What is your age? *
 18 ­ 25
 26 ­ 29
 30 ­ 39
 40 ­ 49
 50 ­ 59
 60 +
What Country are you from? *
Are you familiar with syringe pumps? *
 Yes
 No
Do you have working experience in the healthcare sector? *
 Yes
 No
Are you familiar with calculator­based interfaces? *
 Yes
 No
How often do you use the numpad of the keyboard to enter the numbers? *
 never used
 rarely used
 sometimes used
 often used
How often do you use an iPad or other tablet? *
Edit this formExperiment 9
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 never used
 rarely used
 sometimes used
 often used
How often do you use an iPad or other tablet to enter the numbers? *
 never used
 rarely used
 sometimes used
 often used
How often do you use a touch based device in general? *
 never used
 rarely used
 sometimes used
 often used
Do you consider yourself to have normal vision (when corrected)? *
 Yes
 No
Do you consider yourself to have normal hearing (when corrected)? *
 Yes
 No
Did you speak the numbers in your mind during the task? *
 Yes
 No
Did you enjoy the task? *
1 2 3 4 5
Did not enjoy enjoyed very much
To what degree did you notice the audio track? *
1 2 3 4 5
barely noticed noticed very much
To what degree did the audio track make you focus more on the number entry task? *
1 2 3 4 5
did not make me focus more made me focus much more
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To what degree did the audio track distract you from the task? *
1 2 3 4 5
did not distract me at all did distract me a lot
To what extent did you feel the task was difficult? *
1 2 3 4 5
not at all very difficult
Did you find it difficult to use the iPad to enter numbers? *
1 2 3 4 5
No, very easy Yes, very difficult
To what extent did you feel focussed on the task? *
1 2 3 4 5
not at all very focussed
How much effort did you put into the task? *
1 2 3 4 5
no effort a lot
To what extent did you have the feeling that you made an error? *
1 2 3 4 5
no error multiple errors
To what extent do you have the feeling that you would have made less errors without the
audio track? *
1 2 3 4 5
would not have made less errors definitely would have made less errors
To what extent did you memorise the numbers? *
1 2 3 4 5
did not memorise memorised them a lot
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Please indicate for each of the twelve statements which is
closest to how you have been feeling over the last two
hours. Notice that higher numbers mean better well­being.
I felt cheerful and in good spirits. *
1 2 3 4 5
At no time All of the time
I felt calm and relaxed. *
1 2 3 4 5
At no time All of the time
I felt active and vigorous. *
1 2 3 4 5
At no time All of the time
I felt alert. *
1 2 3 4 5
At no time All of the time
I felt attentive. *
1 2 3 4 5
At no time All of the time
I felt energetic. *
1 2 3 4 5
At no time All of the time
I felt excited. *
1 2 3 4 5
At no time All of the time
I felt happy. *
1 2 3 4 5
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At no time All of the time
I felt sociable. *
1 2 3 4 5
At no time All of the time
I felt tired. *
1 2 3 4 5
At no time All of the time
I felt amicable. *
1 2 3 4 5
At no time All of the time
I felt exhausted. *
1 2 3 4 5
At no time All of the time
This form was created inside of The University of York. 
Report Abuse ­ Terms of Service ­ Additional Terms
Submit
Never submit passwords through Google Forms.
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C.2 Experiment 10
C.2.1 Experimental Instructions & Informed Consent 1
Experiment 10 - Informed Consent & Instructions
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenkski, Paul Cairns
Department of Computer Science, York
July, 2015
1 Who is running this?
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task while wearing headphones (to shield from
outside noise). For this you will have a training session before the main task starts, where you can
get familiar with the controls and the interface.
For the main task you will be asked to enter numbers into the presented interface as quickly as
possible. You will only have a short timeframe of 6 minutes to finish the task.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can use the number-pad interface on the iPad to enter the numbers.
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys. By pressing ENTER the current displayed number will be saved,
1
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the displays be cleared and the process starts again. If you noticed that you made a mistake before
you pressed ENTER, you can cancel the current input by pressing CLEAR.
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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C.2.2 Experimental Instructions & Informed Consent 2
Experiment 10 - Informed Consent & Instructions
The purpose of this form is to tell you about the study and highlight features of your
participation in the study.
Frank Soboczenkski, Paul Cairns
Department of Computer Science, York
July, 2015
1 Who is running this?
• Frank Soboczenski who is a research student in the department of Computer Science at the
University of York.
• Dr Paul Cairns who is a reader in the department of Computer Science at the University of
York.
2 What is the purpose of this study?
The study aims to investigate how people use a serial (calculator based) interface to enter numbers.
3 What will I have to do?
You will be asked to complete a number entry task while wearing headphones and listening to an
audio track. For this you will have a training session before the main task starts, where you can
get familiar with the controls and the interface.
For the main task you will be asked to enter numbers into the presented interface as quickly as
possible. You will only have a short timeframe of 6 minutes to finish the task.
At the end, you will be asked to fill out a small questionnaire about yourself. Frank will then
debrief you and you may ask any questions about the study or tell him any comments you have
in general.
4 How can I enter the numbers?
You can use the number-pad interface on the iPad to enter the numbers.
The interface which you will see consists of 16 components. Three number displays, a decimal
key, an enter key, a clear key and the keys 0-9. You can enter the displayed number by pressing
the associated number-pad keys. By pressing ENTER the current displayed number will be saved,
1
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the displays be cleared and the process starts again. If you noticed that you made a mistake before
you pressed ENTER, you can cancel the current input by pressing CLEAR.
For every number that you enter correctly you will increase your score by 100 points. You can
see your score displayed to the right of the interface.
For every incorrect number your score will decrease by 100 points. This also applies should you
accidentally press ’enter’ at any point without having typed the correct number. Basically you
will decrease your score by any action other than entering the correct number.
5 Who will see this data?
Frank and Paul will see all of your data and will compile all of the experiments data into a sin-
gle spreadsheet for further analysis. However, once it has been compiled, it will be completely
anonymised and you will not be able to be identified with your data. The experiment may be
published in an academic journal but the data will only be presented in summary form and you
will not be directly identifiable in any way.
6 Do I have to do this?
Your participation is completely voluntary. You can therefore withdraw from the study at any
point and if requested your data can be destroyed.
7 Can I ask questions?
Do ask the experimenter any questions you may have about the procedure that you are about to
follow. However, during the study, please refrain from talking to Frank and save any questions
you may have until the end of the study.
8 Consent
Please sign below that you agree to take part in the study under the conditions laid out above.
This will indicate that you have read and understood the above and that we will be obliged to
treat your data as described.
Name:
Signature:
Date:
2
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C.2.3 Demographic Questionnaire
Experiment 10NEW
*Required
Participant Number *
Are you a student at the University of York (if not please state your profession)? *
Sex *
 male
 female
What is your age? *
 18 ­ 25
 26 ­ 29
 30 ­ 39
 40 ­ 49
 50 ­ 59
 60 +
What Country are you from? *
Are you familiar with syringe pumps? *
 Yes
 No
Do you have working experience in the healthcare sector? *
 Yes
 No
Are you familiar with calculator­based interfaces? *
 Yes
 No
How often do you use an iPad or other tablet? *
 never used
 rarely used
 sometimes used
 often used
How often do you use an iPad or other tablet to enter numbers? *
Edit this formExperiment 10
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 never used
 rarely used
 sometimes used
 often used
How often do you use a touch based device in general? *
 never used
 rarely used
 sometimes used
 often used
Do you consider yourself to have normal vision (when corrected)? *
 Yes
 No
Do you consider yourself to have normal hearing (when corrected)? *
 Yes
 No
Did you speak the numbers in your mind during the task? *
 Yes
 No
Please give your opinion about the readability of the presented numbers. *
1 2 3 4 5
Hard to read Easy to read
Did you enjoy the task? *
1 2 3 4 5
Did not enjoy enjoyed very much
To what degree did you notice the audio track? *
1 2 3 4 5
barely noticed noticed very much
To what degree did the audio track make you focus more on the number entry task? *
1 2 3 4 5
did not make me focus more made me focus much more
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To what degree did the audio track distract you from the task? *
1 2 3 4 5
did not distract me at all did distract me a lot
To what extent did you feel the task was difficult? *
1 2 3 4 5
not at all very difficult
Did you find it difficult to use the iPad to enter numbers? *
1 2 3 4 5
No, very easy Yes, very difficult
To what extent did you feel focused on the task? *
1 2 3 4 5
not at all very focussed
How much effort did you put into the task? *
1 2 3 4 5
no effort a lot
To what extent did you have the feeling that you made an error? *
1 2 3 4 5
no error multiple errors
To what extent do you have the feeling that you would have made fewer errors without the
audio track? *
1 2 3 4 5
would not have made less errors definitely would have made less errors
To what extent did you memorise the numbers? *
1 2 3 4 5
did not memorise memorised them a lot
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Please indicate for each of the twelve statements which is
closest to how you have been feeling over the last two hours.
Notice that higher numbers mean better well­being.
I felt cheerful and in good spirits. *
1 2 3 4 5
At no time All of the time
I felt calm and relaxed. *
1 2 3 4 5
At no time All of the time
I felt active and vigorous. *
1 2 3 4 5
At no time All of the time
I felt alert. *
1 2 3 4 5
At no time All of the time
I felt attentive. *
1 2 3 4 5
At no time All of the time
I felt energetic. *
1 2 3 4 5
At no time All of the time
I felt excited. *
1 2 3 4 5
At no time All of the time
I felt happy. *
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1 2 3 4 5
At no time All of the time
I felt sociable. *
1 2 3 4 5
At no time All of the time
I felt tired. *
1 2 3 4 5
At no time All of the time
I felt amicable. *
1 2 3 4 5
At no time All of the time
I felt exhausted. *
1 2 3 4 5
At no time All of the time
This form was created inside of The University of York. 
Report Abuse ­ Terms of Service ­ Additional Terms
Never submit passwords through Google Forms.
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Glossary
ART Aligned Rank Transformation test
for nonparametric factorial analyses
CaCI Calium Cloride
CD Compact Disk
CRM Crew Resource Management
CSS Cascading Style Sheets
DOV Diemand-Yauman, Oppenheimer
and Vaughn effect - named after
the three researchers. In other
places also known as perceptual-
interference effect
DPT Dual-Processing Theory
e.g. Latin abbreviation for: for example
EHR Electronic Health Record
FAA Federal Aviation Administration
FDA Food and Drug Administration
GPWS Ground Proximity Warning System
HACS Human Aspects of Computer Science
HCI Human-Computer Interaction
HFACS Human Factors Analysis and Classi-
fication System
IAC Information Access Cost
i.e. Latin for “id est”; that is; in other
words
ISMP Institute for Safe Medication Prac-
tices
ISO International Standardisation Or-
ganisation
JS Javascript
JSP Java Server Page
MS Microsoft
MySQL SQL stands for Structured Query
Language; its named after co-founder
Michael Widenius’s daughter, My
NASA National Aeronautics and Space Ad-
ministration
NHS National Health Service
OSX Apple Operating System version 10
PANAS Positive and Negative Affect Sched-
ule
PC Personal Computer
PHP PHP originally stood for Personal
Home Page but it now stands for the
recursive backronym Hypertext Pre-
processor
SD Standard Deviation
SNARC Spatial Numerical Association of Re-
sponse Codes
SP1 Microsoft Windows Service Pack 1
UCD User-Centered Design
UCL University College London
UK United Kingdom
US United States
VTBI Volume to Be Infused
XCODE Apple integrated development envi-
ronment for Objective-C and Swift
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